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ABSTRACT 
PROMYS for Teachers offers an extreme example of the experience-as-learner 
professional development model for teachers of middle and high school mathematics. 
The 6-week summer experience involves intensive, extended immersion in mathematics 
in an inquiry-based environment without formal discussion of connections to the 
secondary mathematics classroom. This research examined the experience of participants 
in the program and then the influences of the program on participant beliefs and actions. 
To first understand participants' experiences in the program, a case study was done on 
two participants during the program. To investigate the effects of this program on its 
participants, pre- and post-program surveys on beliefs, task choice and implementation 
were administered to the summer 2011 cohort, and surveys were sent to program alumni. 
Also, classroom data was collected from one case study participant. 
Case studies indicated that participants of the program experienced mathematics 
as a dynamic field of study and as a social endeavor. Participants' outside lives were 
affected during the summer of the program as they continued to take work home and 
experiencing cognitive fatigue. The two case study participants engaged in the program 
in different ways but both reported enjoying the program. Only one of the two believed it 
Vll 
would affect her teaching. 
Pre- and post-programs surveys indicated that the relationship between participant 
beliefs and participant task choice and implementation was not affected by participation 
in the program. Alumni surveys indicated that while some participants felt that they have 
changed their instruction, others did not see any connection to their classroom. Classroom 
data collected from the case study did not indicate the use of cognitively challenging 
tasks with students following program participation. However, the case study participant 
indicated in her final interview that a chance event caused her to reflect on her program 
experience and change her classroom instruction. 
Overall, the data suggest that the program may affect participants' instructional 
decisions, but many participants did not see the c01mection to the classroom. Future 
research should investigate how the influences of a reflective component on participants' 
beliefs and classroom instructional choices or if characteristics of certain participants 
enable them to reflect independently. 
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CHAPTER 1 
PROBLEM STATEMENT AND JUSTIFICATION 
Section 1.1 Introduction 
Many policy papers and recommendations (PCAST, 2010; The Teaching 
Commission, 2004; US Department of Education, 2009) cite professional development as 
a means to enhance teacher quality and thereby improve the education of students. These 
documents indicate that investment in worthy programs is essential to a sustained 
improvement in teaching. One growing form of professional development is 
mathematical experiences-as-learners. 
In mathematical experiences-as-learners programs, teachers engage in 
mathematical activities while effective instructional techniques or learning practices are 
modeled by an instructor (Borasi & Fonzi, 2002), offering opportunities for teachers to 
learn mathematics, to observe models of teaching, and to reflect on their own learning 
process as well as that of others. As many teachers' beliefs about mathematics and the 
teaching of mathematics are based on how they were taught (Cross, 2009; Cuoco, 2001; 
Harbin & Newton, 2013; Thompson, 1992), providing new experiences as learners for 
teachers can be an important part of reforming teaching practices. Many professional 
development programs contain experiences-as-learners as a feature of the professional 
development model, but the intensity and supporting structures for the experience-as-
learners component differ substantially in implementation. 
Mathematical or science immersion programs often incorporate features of the 
mathematical experiences-as-learner model. Loucks-Horsley and colleagues (2003) 
1 
outline two types of immersion learning models found in professional development 
programs for mathematics teachers: 1) immersion in problem solving and/or inquiry in 
mathematics, and 2) immersion into the world of mathematicians. Immersion in problem 
solving in mathematics is an intensive learning experience where "the curriculum is 
designed specifically to highlight the processes of inquiry and mathematical problem-
solving approaches to learning mathematics and science content" (p. 195). This type of 
immersion experience attempts to affect teachers' knowledge of content, pedagogy, and 
student learning. Professional developers using this type of immersion also aim for 
teachers to be better prepared to use inquiry in their own classroom and for teachers to 
see mathematics as a dynamic and growing field for which students need to be prepared 
(Loucks-Horsley, et al., 2010). Programs that are classified as this type of immersion 
(e.g. Summer Math at Mount Holyoke) often incorporate discussion of pedagogical 
strategies and reflection on how the teachers' experiences can be translated into the K -12 
classroom. This reflection and connection is considered crucial if professional 
development is to change teachers' classroom practices (Borasi & Fonzi, 2002; Clarke & 
Hollingsworth, 2002; Loucks-Horsley, et al., 2003). In alignment with the goal of 
affecting classroom practice, these programs almost always focus on topics in 
mathematics that are taught by teachers in the K-12 classroom. 
Immersion programs focused on enculturating teachers into the world of scientists 
and mathematicians provide teachers with an opportunity to act as "apprentice 
researchers, to learn the content, process, culture, and ethos of scientific or mathematics 
research and development work" (Loucks-Horsley, et al., 2003, p. 199). Teachers work 
2 
along-side mathematicians engaged in research. The purpose of this collaboration is for 
teachers to learn the mathematics, the research process, and to build a deeper knowledge 
of mathematical approaches to building knowledge and solving problems. This type of 
professional development is less common because of its "one teacher at a time" format 
and its high financial cost. While some researchers believe that professional development 
should provide an opportunity to relate the experience-as-researcher to the teachers' 
practices in the classroom, others believe that teachers' renewed interest in and 
excitement about mathematics is a valuable and sufficient outcome from this type of 
program (Loucks-Horsley, et al., 2003). 
Some professional development programs attempt to meld the two types of 
immersion, notably the Park City Mathematics Institute (PCMI) and the PROMYS for 
Teachers (PIT) programs. Both of these summer immersion programs involve secondary 
mathematics teachers in the study of post-secondary mathematics topics, using an 
inquiry-based pedagogy. Research mathematicians work with teachers for some part of 
both programs, although the teachers are not involved in the mathematicians' 
professional research. While similar in design, these two programs differ greatly in 
intensity and choice of components. PCMI is a three-week program where teachers study 
mathematics topics for two hours each day. PCMI also includes two classroom-related 
pedagogical components, "Reflections on Practice: Connections to Research" and 
"Working Groups" (lAS, 2012). These pedagogical components provide the reflections 
and connections to the K-12 classroom considered essential for changes in teachers' 
classroom practices to occur. In contrast, PIT' s six-week summer experience focuses 
3 
exclusively on immersion in the inquiry process around university-level number theory 
topics. PIT has planned, structured pedagogical discussions and reflections about 
teaching during five academic-year seminars (PROMYS, 2012), but these seminars are 
not mandatory and attendance is low in comparison to summer enrollment. 
PROMYS for Teachers has provided professional development for middle and 
high school teachers of mathematics for over 20 years. Its length and intensity are 
unmatched by any other professional development program. Participants study 
university-level number theory for eight hours a day, five days a week during the six-
week program. However, the format of the program diverges greatly from the lecture-
and-exam format of the traditional university-level mathematics course. The PIT program 
is structured to facilitate teacher exploration and discovery. The intention is to create an 
environment similar to that in which mathematicians work; teachers are initiated into a 
rich mathematical community where answers are rarely provided and exploration is 
encouraged. 
PIT is an extreme example of the immersion in mathematical experience-as-
learner professional development model, and it is distinct from any program ever studied. 
The PIT summer experience is not only unique in its intensive and extended focus on 
mathematical exploration, it is set apart from other professional development programs 
that use immersion in inquiry because PIT lacks a component which explicitly addresses 
how the program format and teaching strategies might be used in the K-12 classroom. 
Thus, the program provides an exclusive opportunity to study what sustained immersion 
in mathematical inquiry looks like and how it can affect teachers' beliefs and classroom 
4 
practices. 
Section 1.2 Statement of the Problem 
The purpose of this study was to investigate the PROMYS for Teachers program 
as an example of the "experience-as-learner" model of professional development. 
Specifically, the goal was to explore the experiences of participants in the program and to 
examine the effects of participation in the intensive immersion in mathematical inquiry 
on teacher beliefs and their teaching practices. The study was designed to answer the 
following questions: 
1. What is "the PROMYS experience?" 
2. Are research participants' choice of mathematical tasks for students or the 
implementation of those tasks affected by their beliefs and attitudes about 
mathematics, and does participation in PIT affect that relationship? 
3. Are research participants ' choices or implementation of mathematical 
tasks affected by their participation in the PIT program? 
Section 1.3 Overview of Inquiry 
In order to examine this distinctive professional development experience, this 
study used both qualitative and quantitative data analysis. The data analyzed was 
collected from several sources: a case study of two participants, pre- and post-surveys, 
classroom data collection, and a survey of all program alumni. 
5 
Two Summer 2011 PIT participants were observed and interviewed throughout 
their PIT experience. This data was used in the creation of a case study detailing the 
summer expenence. 
Participants in the Summer 2011 PROMYS for Teachers program were 
administered two surveys both before and after participation in the program. In one 
survey, participants responded to Likert-scale questions regarding beliefs about the 
teaching and learning of mathematics and their beliefs about their own ability to do 
mathematics. In the other survey, teachers selected classroom tasks given a content topic 
and chose responses to classroom issues during the implementation of a task. The data 
collected from these surveys was used to determine changes in task choice and 
implementation directly following the program, the relationship between beliefs and task 
choice and implementation, and the effects of participation in the PIT program on that 
relationship. 
Classroom data was collected from one of the two case study participants in the 
fall of2011. In the fall of2011 and the spring of2012, an open-response survey 
regarding the effects of the PIT program on teacher beliefs was sent out to program 
alumni. These data were examined for insight into how the PIT experience affected 
teachers who had returned to their classrooms. 
Section 1.4 Justification 
Professional development is seen as an essential factor to support change in 
teachers' classroom practices (Jaquith, Mindich, Wei, & Darling-Hammond, 2010), and 
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much is known about effective programs. The knowledge about highly-effective 
professional development for secondary teachers is specific but of a general nature. For 
example, programs should be sustained over long periods of time, but the length of 
different effective programs can vary from 30 to 100 contact hours (Y oon, Duncan, Lee, 
Scarloss, and Shapley, 2007). In addition, the period of time over which contact hours 
occur, such as one month versus one year, has a consequence on the effectiveness of an 
intervention (Garet, Porter, Desimone, Birman, and Yoon, 2001). It is also known that 
effective professional development focuses on content knowledge, provides opportunities 
for hands-on teacher learning, and is aligned with other efforts being made in the 
teachers' work environment (Garet, et al. , 2001). Thus, sustained, content-focused 
professional development where teachers work together to develop mathematical 
understanding is aligned with characteristics that effectively change teacher practice. 
In the experience-as-learner model of professional development, teachers have the 
opportunity to study their content in depth while experiencing new pedagogies through 
the eyes of a student. Some researchers suggest that when teachers have an opportunity to 
learn mathematics together and this occurs in an environment where a "community of 
practice" is supported, teachers' beliefs and attitudes about teaching may be affected 
(Borasi & Fonzi, 2002). Communities of practice are central to a theory of learning based 
on the idea that it is through inter-personal communication and interaction that people 
learn and develop identity (Wenger, 1998). Learning takes place within environments and 
cultures created and sustained by groups of people, and thinking and learning require 
participation in those environments and cultures. A common working practice for 
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professionals in science, technology, mathematics and engineering (STEM) fields is for 
them to build off of each other's ideas, strategies, and findings as a community. If 
classroom environments are to relate to mathematical working environments, teachers 
may benefit from immersion in a community where mathematics is developed and built 
together through interpersonal communication and the sharing of ideas. If teachers are to 
develop such cultures in their own classrooms, they must be exposed to the environment 
and learn its norms and practices. 
Immersion in inquiry as a type of experience-as-learner professional development 
program provides an environment that encourages collaboration among teachers and the 
sharing of ideas (Loucks-Horsley, et al., 2002). A number of studies have measured the 
effects of various professional development programs incorporating immersion in inquiry 
on science and mathematics teachers ' beliefs (Kelly, 2001; Luft, 2001; Rushton, Lotter, 
& Singer, 2011 ; Simon & Schifter, 1991 ; Supovitz, Mayer, & Kahle, 2000). Immersion 
in inquiry has been successful in changing teachers' beliefs and attitudes and in affecting 
classroom practice. Supovitz, Mayer, and Kahle (2000) found that teachers' professional 
development experience was a strong predictor for a positive initial attitude toward using 
the practice of inquiry in the classroom. They also found that professional development 
that gave teachers an experience oflearning through inquiry positively affected teachers' 
attitudes toward inquiry as a method of classroom instruction. In another study, Kelly 
(200 1) examined the effects of an immersion program for pre-service elementary teachers 
enrolled in a mathematics and science methods course that used an integrated, spiral-
based inquiry approach. The results indicated that the immersion experience gave 
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teachers greater confidence in their ability to teach mathematics and science. The 
experience also had a positive effect on pre-service teachers' views about the use of 
manipulative materials and inquiry methods, and on the value of integrating science and 
mathematics instruction. 
Finally, Rushton, Lotter, and Singer (2011) found that after a two-week summer 
institute that included inquiry-based content instruction, discussion of pedagogy, and 
practice teaching, followed by year-long academic support, high school teachers of 
chemistry developed a more-complete conception of how to use inquiry in the classroom. 
The teachers also came to believe that inquiry experiences were valuable early in 
scientific investigations and were helpful in developing student thinking. These types of 
belief changes have been seen across grade-levels in mathematics and science in other 
immersion-in-inquiry programs (Supovitz, Mayer, & Kahle, 2000). This research study 
hopes to contribute to the literature on the role of immersion experiences in professional 
development programs on teachers' beliefs about the teaching and learning of 
mathematics as well as teachers' own beliefs about their ability to do mathematics. 
Beliefs are not always reflected in classroom practice, as a number of other 
factors interfere with their enactment. Among the factors affecting implementation of 
beliefs is experience. Research thus far indicates that beliefs do not necessarily dictate 
classroom practices when teachers do not have experience with classroom environments, 
pedagogical tools, and academic tasks aligned with those beliefs (Supovitz, Mayer, & 
Kahle, 2000). Thus, studies such as this one where teachers are given experience with 
inquiry are important in understanding how an intensive experience-as-learner can affect 
9 
alignment between teachers' beliefs about the teaching and learning of mathematics and 
their classroom practices. 
Some professional development programs focused on immersion in inquiry have 
been shown to affect classroom practices. However, many of these have been designed 
for science teachers. Luft (2001) immersed middle and high school teachers in an inquiry 
experience for five days during the summer with follow-up seminars during the academic 
year. During this experience, teachers also developed inquiry-based lessons for their 
classrooms. Luft found that participating teachers became much more likely to use 
extended inquiry cycles in their classrooms. In another study, Supovitz and colleagues 
(2000) found that inquiry-based professional development programs for teachers of 
mathematics, life science, and physical science involving six-week summer institutes and 
six day-long follow-up seminars during the year (along with other supports) correlated 
with teacher self-reporting of actual classroom use of inquiry. The gains in teachers' use 
of inquiry in instruction held for several years after the initial year of the program and 
support. There is a need to know more about mathematics immersion professional 
development programs to see if they also have an influence on teachers' practices. 
One program that has some similarities to PROMYS for Teachers is 
SummerMath, a program where high school teachers become immersed in the study of 
mathematics for two weeks over the summer. Simon and Schifter (1991) studied 
Summer Math at Mount Holyoke, Some features of the Summer Math program included a 
focus on high school content, an opportunity to "do" mathematics for a few hours each 
day, and an explicit discussion of pedagogy. Outcomes attributed to participation in the 
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program were that participants began to develop classroom practices more closely 
aligned with the principles of inquiry highlighted in the program. This and the studies in 
science suggest that immersion in inquiry may have the power to change teacher practice, 
though the effects of the inquiry experience have not be isolated from the other elements 
ofthe programs. 
In order to better understand the possible effects of mathematical immersion in 
inquiry, this study investigated the PROMYS for Teachers program. PROMYS for 
Teachers is a six-week summer mathematics immersion experience that does not 
explicitly address pedagogy used in the K -12 classroom, nor are the mathematics topics 
explored ones that are taught at the secondary level. However, the program encourages 
group work and the formation of mathematical communities of practice. The 
programmatic elements of PIT vary greatly from the format of other immersion 
programs. For example, SummerMath and other programs included a specific 
pedagogical component directed at linking the experience to the classroom. Further, each 
of the other programs focused on the science or mathematics the teacher would use in the 
classroom. Finally, these immersion experiences occurred during a two- to three-week 
period. Instead, this research study provides an opportunity to learn about the effects of 
intensive mathematics immersion alone on the beliefs and classroom practices of high 
school teachers. Experience alone could provide a basis for classroom practices, which 
would support or refute current educational theory that suggests reflection and connection 
to the classroom is essential for transfer. This study provides greater insight into the 
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effects of intensive mathematical immersion on the beliefs and classroom practices of 
high school mathematics teachers. 
Section 1.5 Definitions 
Mathematical inquiry programs: Programs which focus on mathematical inquiry are those 
programs in which mathematical experience and exploration are the focus. Mathematical 
inquiry involves participants' independent choices to pursue mathematical ideas in 
greater depth rather than a proscribed path through problems to reach a fmal solution or 
conclusion. 
Mathematical immersion programs: The interpretation of mathematical immersion used 
in this study is an experience where participants are engaged in an environment rich with 
mathematical ideas, inquiry, and language for an extended period of time, multiple hours 
per day over multiple weeks. In such an environment, participants are expected to 
develop understanding of mathematical concepts through experience. Immersion 
programs are ones where participants learn concepts and skills by doing mathematics 
such as completing numerical calculations, forming conjectures and writing proofs. 
Participants discuss the mathematics with others to build both intuition and 
understanding. 
Mathematical tasks: According to Stein, Grover, and Henningsen (1996), "a 
mathematical task is defined as a classroom activity, the purpose of which is to focus 
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students' attention on a particular mathematical idea" (p. 460). A new task is not marked 
until the underlying mathematical content or idea of the work being done changes. As 
such, lessons are normally composed of only a few longer tasks rather than many shorter 
activities because many consecutive activities develop the same mathematical content 
and thus the chain of activities would be considered one task. 
Beliefs: Philipp (2007) defines beliefs as "psychologically held understandings, premises, 
or propositions about the world that are thought to be true .. . Beliefs might be thought of 
as lenses that affect one' s view of some aspect of the world or as dispositions toward 
action" (p. 259). For example, a teacher may believe that a student's ability to recite a 
proof of a theorem means that the student understands the theorem. This would differ 
from a teacher who believed that a student needs to apply the theorem or extend it to a 
new circumstance to demonstrate understanding. These two teachers would approach 
teaching and assessment in fundamentally different ways because of their beliefs about 
understanding. Beliefs are not chosen consciously and are difficult to change because of 
that nature. Beliefs are seen to be true or false, and as such, a believer sees that belief is a 
reflection of the world as it is and not as a choice to be made. 
In summary, this chapter included an introduction to the problem and a 
justification for this study. Chapter 2 will review the literature in the areas of teacher 
change, beliefs and attitudes, and task choice and implementation. Chapter 3 will detail 
the design and methodology of this study. Chapters 4 and 5 focus on the case studies of 
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two PROMYS for Teachers participants. Chapter 6 will review the data addressing PIT 
effects on the relationship between beliefs and task choice and implementation as well as 
changes in the task choice and implementation of Summer 2011 participants and changes 
in the classroom practices of program alumni and one case study participant. Finally, 
Chapter 7 will summarize this study's findings and discuss implications for future 
research. 
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CHAPTER2 
REVIEW OF THE LITERATURE 
The purpose of this study was to determine the effects of a professional 
development program on teachers. This study took a particular interest in teachers ' task 
choice and beliefs. In order to place this study into perspective in the research, a review 
of the literature in mathematics education is presented. Section 2.1 addresses teacher 
change. Section 2.2 presents the theory and research in regard to teacher beliefs. Finally, 
Section 2.3 addresses mathematical tasks. 
Section 2.1 Teacher Change 
Models of Teacher Change 
Teaching at Risk: A Call to Action (The Teaching Commission, 2004), The Race 
to the Top Program (US Dept of Education, 2009), and the Report to the President 
Prepare and Inspire: K-12 Education in STEM for America's Future (PCAST, 2010) all 
call for the provision of teacher professional development in order to improve classroom 
learning. These documents assert that changes in teachers ' practices and pedagogical 
choices and the ongoing development of quality instructional decisions are essential in 
improving the education of our students. However, teachers' practices are influenced by 
many factors, including teachers ' beliefs and knowledge, school culture and 
administrative pressures, and student outcomes (Richardson & Placier, 2002; Supovitz, 
Mayer, & Kahle, 2000). The varied elements that contribute to teacher change have 
contributed to the development of various teacher change models. 
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Teacher accumulation of new knowledge is not enough to affect significant 
changes in practice (Richardson & Placier, 2002). Long-term changes in the classroom 
' 
require shifts in teachers' beliefs and attitudes, although the relationship between changes 
in practice and changes in beliefs is unclear. This relationship has led to conflicting linear 
models of teacher change. 
One commonly used model posits that teachers' beliefs and attitudes should be 
altered first, before changes in classroom practices can be seen (Clarke & Hollingsworth, 
2002; Guskey, 1986). Some research has supported this theory that teachers must 
experience a change in beliefs before they are able to faithfully implement changes in 
their practice (Ball, 1990; Cohen, 1990; Wilson, 1990). Once changes in practice occur, 
changes in student outcomes result, as seen in the model in Figure 2.1.1. As such, this 
model would indicate programs directed at changing teacher beliefs would be most 
effective. 
Teacher 
Figure 2 .1.1 Clarke and Hollingsworth's interpretation of an Implicit Model of Teacher 
Change (Clarke & Hollingsworth, 2002, p.949) 
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However, other research and theory has indicated that teachers can undergo 
changes in their classroom practices as a result of intervention before changes in beliefs 
have occurred. Guskey's (1986) work counters the Implicit Model of Teacher Change; he 
states that teachers can be moved to make changes in classroom choices first, and their 
changes in beliefs about learning and teaching will come through observing student 
outcomes given the new practices. The model can be seen in Figure 2.1.2.When teachers 
see the positive student outcomes related to the practice changes, the teachers will then 
change their beliefs (Guskey, 1986; Wood, Yackel, & Cobb, 1991). Guskey agreed that 
there are many other factors influencing the effectiveness of professional development 
programs, but cites the ethnographic observations ofBolster (1983), The Study of 
Dissemination Efforts Supporting School Improvements by Crandall et al. (1982), 
Huberman's (1981) case study of a school district's implementation of a reading 
program, as well as several other research studies as support to show that change in the 
classroom is possible prior to a change in beliefs. 
+ 
Cha.nge in 
i£ACH£RS ' 
BELIEFS AND ATTITUDES 
Figure 2.1.2 Guskey's Model ofthe Process ofTeacher Change (Guskey, 1986, p.7) 
Several other models of teacher change have incorporated a more cyclic 
understanding of the process and brought in other elements to address the complexities of 
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the change process (Clarke & Hollingsworth, 2002; Richardson & Placier, 2001). One 
model acknowledges the validity ofboth previously discussed models and incorporates 
features showing how a change in beliefs can affect classroom actions and changes in 
classroom actions can affect teacher beliefs. Clarke and Peter (1993, as cited in Clarke & 
Hollingsworth, 2002) created a more complex model that was then revised by the 
Teacher Professional Growth Consortium, and the additional consideration of the Change 
Environment was added by Clarke and Hollingsworth (2002). This model is known as the 
Interconnected Model of Professional Growth, and the model is presented in Figure 2.1.3. 
In order to capture this dynamic relationship between beliefs and attitudes, professional 
development programs, and the opportunity to practice in the classroom, this model will 
be used to frame this study. 
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Figure 2.1.3 Interconnected Model ofProfessional Growth (Clarke & Hollingsworth, 
2002, p.951) 
Clarke and Hollingsworth's Interconnected Model features four domains related 
to those of Guskey's and the Implicit Model: External Domain, Personal Domain, 
Domain of Practice, and Domain of Consequence. The External Domain consists of 
sources of information, stimulus, or support and is outside of the teacher's personal 
world, whereas all other domains are part of her daily professional work. The Personal 
Domain consists of teacher knowledge, beliefs and attitudes. The Domain of Practice 
covers professional experimentation and actions as performed in the classroom, including 
the tasks chosen by the teacher as implemented with students. The Domain of 
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Consequences deals with salient outcomes, in particular student performance. Each of 
these domains interacts within the change environment. 
In this model, change in one domain can affect change in other domains through 
mediating processes of either "enactment" or "reflection." Enactment (represented by the 
solid arrows in Figure 2.1.3) occurs when teachers act on beliefs, knowledge, or 
experience. Change through reflection (represented by the dashed arrows in Figure 2.1.3) 
occurs when teachers analyze beliefs, knowledge, or experience. 
The Interconnected Model indicates that the External Domain, which includes 
professional development programs, can only affect teachers ' beliefs and attitudes 
through reflective practices. The External Domain also can only affect classroom 
practices through enactment. On the other hand, the External Domain cannot directly 
affect student outcomes. Thus, in this model, in order to observe effects of a professional 
development intervention on students, a change must first occur in either the Personal 
Domain or the Domain of Practice. Those changes should be able to be tracked to the 
enactment of information or experience from the intervention or to reflection on the 
experience. Changes in beliefs may lead to changes in practice, and changes in practice 
may change beliefs. 
In this study, the Interconnected Model was the basis for determining the effects 
of a professional development program, PROMYS for Teachers (PIT), on teachers. By 
this model, changes directly following the summer program might be seen in either the 
Personal Domain or the Domain of Practice, and as such, changes in teacher beliefs and 
in teacher task choice and implementation were investigated. Since PIT does not provide 
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ready-made materials for classroom instruction, I conjectured I might see changes in the 
Domain of Practice through a change in the Personal Domain first, particularly in beliefs. 
However, the model also indicates that change in beliefs must come through reflection on 
the professional development experience or information gained during the program. PIT 
does not include an explicit reflection component. This led me to look for change in 
beliefs while also investigating the program experience for informal reflection connecting 
the experience in the program to classroom instruction. Changes in teacher beliefs 
without evidence of reflection would provide a challenge to this theoretical model. 
When investigating the changes PIT may effect on its participants, it is helpful to 
consider professional development programs that have been successful in creating teacher 
change and what elements led to this success. This provides context to see the 
components of PIT that might affect changes in beliefs and instruction, how these differ 
from or are similar to other programs, and how this research can inform the literature on 
successful professional development. 
What Makes Professional Development Effective 
Determining what professional development programs are appropriate as well as 
which elements of them contribute to improved student achievement has been a difficult 
task in the teacher education community. While few studies meet rigorous standards for 
linking teacher professional development to student achievement (Yoon & National 
Center for Educational Evaluation and Regional Assistance (U.S.), 2007), there is still a 
wide range of research that contributes to an understanding of effective professional 
development. 
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Much is known about ineffective professional development. In a review of the 
research, Darling-Hammond and Richardson (2009) found that training focused on new 
techniques and behaviors and programs unrelated to teachers' specific contexts and 
curricula are not effective. Furthermore, one-time workshops as well as sessions that are 
episodic and fragmented, are not sustained over time, and that expect teachers to 
implement ideas without ongoing support are also ineffectual (Darling-Hammond & 
Richardson, 2009). 
While the research literature is rich with examples that do not work for teacher 
learning, there is also research that has supported particular aspects of professional 
development programs. Garet, Porter, Desimone, Birman, & Yoon (2001) used data from 
the Teacher Activity Survey, which is part of the national evaluation of the Eisenhower 
Professional Development Program, to determine three structural features and three core 
features of professional development which affected the self-reported gains in teacher 
knowledge and skills of 1027 math and science teachers. A structural feature is an 
element of the design of the professional development activities, and a core feature is a 
"dimension of the substance or core of the professional development experience" (p.919). 
The structural features they found to be successful were a focus on content knowledge, 
opportunities for active learning, and coherence with other learning opportunities. The 
effective core features of professional development programs are the form of the 
professional development program (e.g., workshop or study group), the collective 
participation ofteachers from the same school, and the duration ofthe program or 
activity. Garet and colleagues found that "sustained and intensive professional 
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development is more likely to have an impact. .. than is shorter professional 
development, ... [and] professional development that focuses on academic subject matter 
(content), gives teachers opportunities for 'hands-on' work (active learning) and is 
integrated into the daily life of the school (coherence), is more likely to produce 
enhanced knowledge and skill" (p.933). 
Summarizing the results of several studies (Darling-Hammond & Richardson, 
2009; Darling-Hammond, Wei, Andree, Richardson, & Orphanos, 2009; Hiebert, 1999), 
there are many attributes known about successful professional development programs. 
These programs are both intensive and sustained over time, allowing teachers to learn 
more about their content and how to teach specific content to students, apply the 
knowledge to the classroom, and reflect on the process with colleagues, preferably others 
within the same school. Professional development is more effective if it is connected to 
school reform efforts that encompass all aspects of teaching and learning. Also, 
professional development that allows teachers the opportunity to be engaged in the 
learning process and to observe alternative ideas and methods of teaching with 
opportunity for reflection is more likely to produce teacher change. 
There are a wide variety of types of professional development programs that 
incorporate some or all of these attributes. This particular study seeks to determine the 
effects of a program on teacher beliefs and classroom practice, and thus an examination 
·of related programs successful in the particular areas examined by this study and the 
elements which led to their success is pertinent. Research has not indicated a proscribed 
form or content for successful programs. The following section looks at types of 
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professional development programs for teachers of mathematics and the successes of 
various differing programs, particularly those incorporating experiences as learners of 
mathematics. 
Professional Development for Mathematics Teachers 
Borasi and Fonzi (2002) describe four different types of foci for mathematics 
professional development experiences aimed at mathematics reform: 1) analyzing student 
thinking, 2) discussing cases, 3) engaging in scaffolded instructional innovation, and 4) 
experiencing mathematics as learners. Each of these types are content-specific but vary in 
their emphases. When PD focuses on analyzing student thinking, teachers spend time 
reviewing artifacts of student thinking: student work, students thinking out loud while 
doing mathematical problems, classroom discussions, and clinical interviews. These are 
examined to inform teachers about ways to observe and interpret student mathematical 
activities and identify student conceptions and mathematical strategies. Mathematical 
professional development involving the studying of cases is the guided discussion of 
examples of practice and involves teacher review of written narratives or video clips in 
order to analyze instructional techniques or learning processes. Programs focused on 
instructional innovation provide teachers with support as they try new pedagogical 
techniques in their own classrooms. Each of these three types of professional 
development programs focuses on the classroom directly whereas teachers' experiencing 
mathematics as learners takes a different approach by allowing the teachers to be students 
of mathematics. This is a growing and important area of professional development for 
teachers of mathematics. 
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Programs where teachers experience mathematics as learners often involve 
extensive problem-solving activities. Some research has indicated that studying and 
creating inquiry tasks affects the beliefs and attitudes of elementary teachers of science 
and mathematics, even if they do not experience mathematical inquiry themselves 
(Goodnough & Hung, 2009; Kelly, 2001). However, many hypothesize that an 
experience-as-learner of mathematics would have a powerful impact on teachers (Borasi 
& Fonzi, 2002; Cuoco, 2001; Loucks-Horsley, et al., 2003). The process of teachers 
solving mathematical problems may influence those teachers ' beliefs and in tum the 
problem-solving that occurs in their own classrooms. There is evidence of the 
effectiveness of content-area learning experiences in both science and mathematics across 
the K-12 spectrum. Research on programs containing problem-solving experiences has 
been supportive of the role of content-based problem solving in professional 
development. 
Bell, Wilson, Higgins, and McCoach (201 0) analyzed the change in Mathematical 
Knowledge for Teaching (MKT) of 308 K -8 teachers of mathematics, about half of 
whom participated in two Developing Mathematical Ideas (DMI) modules. The DMI 
sessions involved teachers solving mathematical problems themselves, discussing 
classroom episodes, and examining student work. Teachers participating in the program 
significantly increased their MKT compared to a control group as measured by both a 
multiple-choice assessment (based on the instrument created by the Learning 
Mathematics for Teaching (LMT) project) and an open-response evaluation. The original 
LMT instrument has been shown to be valid in assessing teacher learning for grades 1-3, 
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and teacher scores have been correlated with student learning. This research supports the 
use of mathematical learning experiences as a method for development of teacher subject 
knowledge, which may in turn increase student achievement, although the teachers' 
mathematical experience in this study were in conjunction with other types of 
professional development experiences. 
Boston and Smith (2009) studied secondary mathematics teachers who 
participated in a two-year professional development program. The program was geared 
toward enabling teacher participants to foster a culture of teaching high quality 
mathematics while serving as mentor teachers. Its goal was for experienced teachers to 
improve their own instruction by choosing complex mathematical tasks for instruction 
and maintaining the difficulty of tasks during implementation. The program also included 
a component for these teachers to share their knowledge and experiences with beginning 
teachers as well as pre-service teachers. While high-quality task identification, analysis 
and implementation were the dominant forms of professional development, problem-
solving tasks for the teachers were considered to be a part of the "heart" of the program. 
Following the program, the participants were found to more frequently select high-level 
tasks as the main instructional activities in their classrooms and had greater improvement 
in maintaining the cognitive level of classroom tasks when implemented as compared to 
the control group. The selection of high-level tasks and the maintenance of the cognitive 
demand during implementation was the focus of other elements of the professional 
development as well, and as such while the professional development was successful in 
its aims, its successes cannot be attributed to the mathematics immersion alone. 
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Rushton, Lotter, and Singer (20 11) studied the beliefs and practices of seven high 
school chemistry teachers participating in a year-long professional development project 
that focused on the inquiry process in chemistry. At the start of the program, teachers 
participated in a two-week summer institute. The summer institute consisted of inquiry 
pedagogy sessions around the teaching of chemistry (90 minutes a day during the first 
week and 40 minutes the second week), content instruction, practice teaching with high 
school students (1 0 45-minute lessons during the second week), and whole and small 
group reflection. During the inquiry pedagogy sessions, teachers participated in inquiry 
experiences and discussed the nature of science, and the content sessions consisted of 
immersion in inquiry experiences-as-learner of chemistry where the Predict-Observe-
Explain method was modeled. Teachers then implemented lessons they developed with 
students on-site as part of the practice teaching component, and during the reflection 
groups, they analyzed videos oftheir own instruction of the high school students as well 
as the instruction of program facilitators. 
Twelve classroom observations were analyzed using the Reform Teaching 
Observation Protocol (RTOP) in the year following the summer institute (Rushton et al. , 
2011). Of the seven teachers studied, six entered the program with some "naYve 
conceptions of inquiry-based teaching" and all seven were somewhat dissatisfied with 
their current teaching and/or student learning. Though five of the seven described beliefs 
about learning that were aligned with the workshop's constructivist framework at the 
beginning ofthe program, all of these teachers described their classrooms in ways that 
did not indicate that constructivism learning principles were enacted. An analysis of 
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interviews, written reflections, and classroom observations following the intervention 
supported the conclusion that teachers developed more complete conceptions of 
classroom inquiry, came to value inquiry experiences early in scientific investigations, 
and viewed inquiry approaches as helpful for facilitating improved student thinking. 
According to interviews with the participants, the cognitive dissonance experienced 
during the inquiry investigation when teachers felt they were knowledgeable about a 
chemistry topic but were unable to explain phenomena was a key component that spurred 
the changes that teachers incurred through engagement in the program. Following the 
program, teachers' lessons overall aligned with reform elements such as high student-to-
student talk, respect for and engagement with alternative solution methods, and initiating 
instruction through experience, as measured by RTOP. 
Rushton and colleagues' (2011) study provides empirical data supporting how 
teachers can change beliefs and implement reform classroom practices following an 
intensive professional development program. Teachers reported that their experiences as 
learners, the use of a guided model of inquiry, and the opportunity to practice teaching 
inquiry-based lessons and reflect on those experiences were the components of the 
experience which led to their changed practice. The authors of this study support the use 
of these elements in professional development programs and call for wider use of them. 
While teachers were interviewed about their classroom practices prior to the program, 
this research was limited by its lack of pre-program observations. Also, all teachers 
involved in this program were self-selected and most already were inclined toward a 
constructivist perspective on learning, even if they were not implementing such a model 
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in their own classrooms. Further, though many links between science and mathematics 
education have been made, the inquiry process in chemistry and its translation to the 
classroom may not be indicative of the effects of similar programs in mathematics. 
Anderson and Hoffmeister (2007) studied a professional development program 
for middle school mathematics teachers that included a mathematical experience. As 
measured by pre- and post-tests designed by the researchers, they found an increase in 
teachers ' content understanding following a summer course designed to help teachers 
become highly qualified to teach mathematics in the middle grades. The course had three 
components: 1) mathematical problem solving, 2) examination of student thinking, and 3) 
analysis and discussion of research on the teaching and learning of mathematics. Ten of 
the nineteen participants responded to a post-program open-ended survey, and there was 
no clear pattern in the responses regarding the most influential aspect of the program. 
This indicates the need to investigate courses that focus on only one of the components 
used by Anderson and Hoffmeister in order to evaluate the possible contributions of each 
of these components. 
Most of these experiences do not feature content study as the focal point. These 
programs have used the experience-as-learner as a component of professional 
development, rather than the focus, and each involves a different content focus with 
varying amounts of time within each program dedicated to inquiry in the content area. 
Thus, the use of problem solving sessions as a part of successful professional 
development programs warrants a deeper look, in particular where teacher-as-learner of 
mathematics is the central focus of the program. If this component is an element of highly 
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successful programs, could it be beneficial as the main work of a professional 
development program? 
Immersion 
Some mathematics learning experiences for teachers can be classified as what 
Loucks-Horsley, Love, Stiles, Mundry, and Hewson (2003) refer to as immersion 
programs. ' Immersion' programs involve teachers learning through direct experience of 
science or mathematics topics using inquiry and problem solving for an extended period 
oftime. The assumptions which go into this type of professional development are that 
science and mathematics are made up of both process and content; teachers benefit from 
experiences as learners that parallel formats they are expected to implement in the 
classroom, and teachers must have a profound understanding of both the content and the 
processes of their field. Immersion experiences vary in length, form, and target group, 
and subject immersion is frequently only one part of a program. Still, immersion has been 
an element of many successful professional development programs. 
Basista and Mathews (2002) studied the effects of a four-week summer 
immersion program on 22 middle and high school teachers of science and mathematics. 
The course met three days a week for eight hours each day, with two-thirds of each day 
dedicated to content units and the other third focused on pedagogical issues and the 
development of inquiry modules for teachers' classrooms. Teachers were then provided 
support through the following year with three classroom visits. These consisted of 
observation, modeling of instruction for the teacher, and lesson feedback. There were 
also three workshops where teachers discussed their pedagogical and district issues. After 
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the summer program alone, these teachers showed strong gains in content understanding. 
Their beliefs in their ability to implement inquiry-based curricula on their own also 
improved. Following the school-year support, teachers reported an increase in their 
confidence in their ability to phrase questions for open-ended student inquiry, manage 
students while they used manipulative materials, use cooperative working groups, engage 
students in application problems involving mathematics and science, and use 
performance-based assessments. This study suggests that an immersion experience may 
be helpful for teachers as they begin to make pedagogical choices aligned with inquiry-
based instruction. It also suggests that teachers. may use new practices in their teaching 
before they are confident in their own ability to implement those particular practices 
associated with inquiry learning. 
Another successful professional development initiative that was based around 
mathematics, life science, and physical science was Ohio's NSF-funded Statewide 
Systemic Initiative. This inquiry-based professional development program was studied by 
Supovitz, Mayer, and Kahle (2000). Summer institutes (160 contact hours) were held that 
had teachers of all grade levels (with a focus on grades 5-9) working in cooperative 
groups. New problems were posed daily through the curriculum in the physics class and 
by the students and instructors in the mathematics classes. Groups were charged with 
coming to a solution through experimentation or problem solving and then defending that 
solution to the instructor. Teachers kept experience journals, and physics and life science 
classes had assessments. Support for teachers then continued into the academic year; six 
full-day seminars (attendance rates exceeded 90%) focused on issues of applying inquiry-
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based learning to teachers ' own classrooms. Teachers also had other sources of support 
available to them, such as on-site visits and on-demand access to scientists, 
mathematicians, and teacher-leaders, an electronic chat service, newsletters, and an 
annual two-day conference. 
Using teacher survey data of 1,475 teachers over 4 cohorts collected as a part of 
the evaluation of the programs, Supovitz and colleagues (2000) concluded that teacher 
participants' attitudes toward inquiry, preparation to use inquiry, and actual practice of 
inquiry in the classroom increased across all subject areas following the intervention. 
Furthermore, the gains held for several years following participation. Also in their 
analyses, they found that teachers' professional involvement over the prior five years in 
experiences like teacher association meetings and curriculum development committees 
was a strong predictor of initial attitudes, preparation and practice, while teaching 
experience was not associated with teachers ' attitude toward or use of inquiry-based 
teaching methods. Supovitz and colleagues concluded that experienced teachers in their 
study were less comfortable with reform-oriented teaching practices than teachers newer 
to the field. Furthermore, elementary and middle school teachers in their study had more 
positive attitudes toward inquiry-based methods and felt more prepared to use them than 
high school teachers. These findings suggest that experienced teachers and teachers of 
high school mathematics are particularly in need of professional development programs 
which aid them in experiencing and creating inquiry experiences for students. 
While providing some evidence ofthe benefits of immersion-type experiences, 
the study is limited in that it was unable to parse out the effects of the various support 
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pieces, some of which may have been essential to its success while others may have been 
extraneous. Also, while Supovitz and colleagues argue that self-reported data from 
teachers are reliable and valid, many arguments have been made that teachers 
overestimate classroom implementation (Knapp, 2003). Finally, teachers chose to 
participate in this study, so while the program was implemented on a large scale, it is still 
unknown as to what extent such a program could be used for all teachers. 
As these examples indicate, there are a number of professional development 
programs in mathematics that feature experience-as-learner activities. Many of these 
programs are year-long: teachers attend sessions for a few hours per week throughout a 
school year and/or ali-day sessions (e.g. Enhancing Secondary Mathematics Teacher 
Preparation Project, Developing Mathematical Ideas). Even when programs are more 
concentrated and meet for weeks at a time, such as SummerMath at Mount Holyoke 
College, the tendency is for instruction to be balanced between focusing on content and 
pedagogy. Most of these programs consist of only a few hours of mathematics instruction 
per day (e.g. SummerMath, Park City Mathematics Institute). Programs with an intensive 
focus on mathematical research or exploration are much rarer. 
A more intensive mathematical immersion experience for pre-service teachers has 
been implemented at a small number of universities. Illinois State University offers a 
mathematics research program to undergraduate pre-service teachers where students are 
guided in research by professors, even leading some to be co-authors on mathematics 
research papers (Department of Mathematics, Illinois State University, 2008). 
Participation in the program has been found to change teachers ' beliefs about the nature 
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of mathematics, from static toward dynamic interpretations (McCrone, et al., 2008, as 
cited in Abel, 201 0). Chazen and colleagues have written about a graduate course for 
teachers at the University of Maryland focused on having mathematicians work with high 
school teachers on research projects that are grounded in secondary mathematics. 
Teachers who participated reported the program had a great effect on them, but the 
details of that effect were vague (Chazan, et al., 2007; Marshall, 2008 as cited in Abel, 
2010). While intensive immersion in the experience of working with and as a 
mathematician has been reported as having influenced teachers, there has been little 
exploration into those effects on the teachers and on their practices. 
While there has not been an extensive number of studies investigating the effects 
of experience-as-learner programs and programs that incorporate immersion in 
mathematics or mathematics research, the outcomes in terms of increased teacher 
knowledge and changed teacher practices is promising. However, since all ofthe 
previously mentioned programs consist of many components, there is a need to study a 
program with a strong or exclusive focus on immersion in mathematics. This study hopes 
to isolate particular elements of an immersion program in order to parse out possible 
effects on teacher beliefs, attitudes, and practices. 
PROMYS for Teachers 
PROMYS for Teachers (PIT) is a summer professional development program 
with two decades of anecdotal evidence supporting its effectiveness. The PIT program 
facilitates teacher exploration and discovery by creating an environment similar to that in 
which mathematicians work. Teachers are immersed in a rich mathematical community 
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where inquiry is the focus, questions are answered with questions, and the mathematics 
plays the central role, with formal pedagogical discussion relegated to academic-year 
seminars. PIT is a six-week experience in which in-service teachers and graduate students 
in education study university-level number theory six to eight hours a day, five days a 
week. The program earns participants eight graduate credits in mathematics. However, 
the program does not function like most professional development programs or 
traditional university courses in mathematics. Furthermore, the PIT program differs from 
other mathematics professional development programs because it is not focused on 
school-based mathematics (content focused on the K-12 curriculum) and related 
pedagogy. 
A typical day at PROMYS for Teachers begins with an hour-and-a-half-long 
professor-led lecture that is several days behind the coursework, serving as review, 
clarification, or synthesis rather than presentation of new material. This lecture is also 
attended by another group of students attending the regular PROMYS program, 
precocious high school students preparing for STEM careers. Fallowing the lecture, 
teacher participants receive problem sets and move to rooms, separate from the high 
school students, with tables set in groups to work together for another six and a half 
hours. Problem sets are designed to be impossible to finish in the time allotted. They 
feature problems of varying types which relate to the major threads of elementary number 
theory. For exa!l).ple, a number of problems in the first half of the program build 
understanding of the Unique Prime Factorization Theorem and the Fundamental Theorem 
of Arithmetic so that later teachers can create proofs. Each problem set contains problems 
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relating to one another, to themes across the problem sets, and to major concepts in 
number theory. However, another unique feature of the program is that the problem sets 
do not explicitly indicate which problems are directly or tangentially related to one 
another. 
The problem sets are the core of the PROMYS for Teachers experience and 
consist of several different types of exercises, the main two types being numerical 
problems and proof problems. Numerical problems can be solved by generating data and 
making conjectures. These types of problems are framed as "food for thought" and are 
meant to develop an intuition for proof. For example, Problem Set 2 P9: "Write down all 
the elements ofU?, ofU1s, ofU1s, ofU21. Which ofthese are cyclic? Any conjectures?" 
Proof problems build on the experience gained with concepts through numerical 
exploration and are meant as a formal explanation of relationships discovered. Proof 
problems are framed as "Prove or Disprove and Salvage if Possible," thus eliminating the 
inclination to believe a statement without experience simply because one is told to prove 
the statement. For example, Problem Set 7 P7: "Urn has exactly <p(m) elements." Two 
other types of problems, exploration problems and technique of generalization problems, 
are also found on many problem sets, but they are less of a focus than the numerical or 
proof problems. Exploration problems ask teachers to connect broad ideas they have 
worked on. These problems sometimes provide teachers with an activity and ask 
questions which link findings from this activity to other major themes that have been 
developed. For example, Problem Set 10 Pl: "Accept the inventory [from another 
problem set]. Indicate a chain of reasoning [leading to] the unique prime factorization 
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theorem." Generalization problems ask teachers to consider and connect similar 
processes they have experienced in different contexts (eg. Z, Z[i] , and Z3). For example, 
Problem Set 11 P3: "Can the results ofPl Set #10 be generalized to Z[i]?" 
Because it is impossible to complete a problem set in its entirety in one day, 
participants must choose which problems to pursue and to what extent. Teachers often 
return to previous problem sets to more fully develop relationships they discovered 
earlier. This creates an environment that, while somewhat structured by the problem sets, 
is governed by the individual and group inquiry process. 
Teachers are not left entirely alone in the inquiry process. Program counselors 
(selected from mathematics graduate students and PIT alumni who are secondary 
teachers) are available for support and guidance with the mathematics while teachers 
work. Teachers may work independently on the problems or discuss them with each 
other, but the program aims to develop learning with understanding through teachers ' 
interactions with each other, the counselors, and the problem sets. Counselors and 
program faculty meet weekly to discuss the progress of all participants to ensure all 
instructors are aware of the progress of each individual participant. The counselors are 
instructed to respond to teacher questions with other guiding questions rather than 
solutions. This process is called "questioning," and is meant to develop teachers ' ability 
to guide themselves through difficult and long problems. It is also used to help them 
make connections between problems based on their own experiences. 
The reasoning behind the use of questioning as a pedagogical approach is to assist 
teachers in internalizing the practices used by mathematicians to build mathematical 
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concepts. Thus, PIT is based on a practice of inquiry, with participants guided by 
questioning. The creators of the PIT program would like to see this approach to doing 
mathematics implemented in high school classrooms (Cuoco, 2001 ; PROMYS, 201 0). 
However, during the actual PROMYS for Teachers summer program, the emphasis is on 
teachers ' progress in the skills and mathematical practices mentioned earlier rather than 
on the development of teachers' classroom practices. 
Strikingly different from other professional development programs, PIT does not 
explicitly address how the program format and teaching strategies might be used in the 
K-12 classroom during the 6-week summer immersion. Those discussions are held during 
five day-long sessions during the school year. These seminars also include more teacher 
mathematical explorations but mainly serve for teachers to discuss their classroom 
practices. Another connection to the classroom through PIT is a shadow seminar during 
the second summer of participation. In this seminar, PIT pedagogical strategies are 
discussed and lesson plans are developed. However, attendance rates of the seminars and 
second-year program are very low, including attendance by alumni of previous summers. 
Thus, the main element of this program for the majority of participants is the summer 
intensive immersion experience. 
In summary, this section presented the theory on teacher change and the research 
on effective professional development of teachers. It then reviewed effective professional 
development for teachers of mathematics and science using the experience-as-learner 
model and then more specifically the immersion model , the models used in the 
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professional development that is the focus of this study. Finally, this section reviewed the 
setup and the aims ofthe program this study seeks to analyze. 
Section 2.2 Beliefs 
Philipp (2007) defines beliefs as "psychologically held understandings, premises, 
or propositions about the world that are thought to be true" (p.259). For example, Skemp 
(1976) writes that a teacher may hold the belief that the term ' understanding' means "the 
possession of a rule and ability to use it" (p.2). Beliefs are thought to be true or false 
rather than desirable or undesirable (Philipp, 2007); however, even though beliefs may be 
thought to be true to varying degrees, the believer does not see herself as having a choice 
in the belief. 
Beliefs Teachers Hold about Mathematics 
Ernest (1988) outlined three key belief components about mathematics that are 
prominent in the literature on teacher beliefs: beliefs about mathematics as a field, beliefs 
about the teaching of mathematics, and beliefs about the learning of mathematics. He also 
detailed three philosophies about the nature of mathematics: the instrumentalist view, the 
Platonist view, and the problem-solving view. Ernest outlined these as 
Instrumentalism is at the lowest level, involving knowledge of mathematical facts, 
rules and methods as separate entities. At the next level is the Platonist view of 
mathematics, involving a global understanding of mathematics as a consistent, 
connected and objective structure. At the highest level, the problem solving view 
sees mathematics as a dynamically organised structure located in a social and 
cultural context. 
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These categories have been adapted by various researchers over the last 25 years, and one 
common adaptation is to collapse the belief philosophies into two categories. 
Stipek, Givvin, Salmon, and MacGyvers (200 1) detailed two main belief sets 
among American teachers derived from Ernest (1988). These belief sets outline the 
beliefs teachers hold about mathematics, the teaching of mathematics, and the learning of 
mathematics: static and dynamic. Teachers holding the belief that mathematics is a "static 
body of knowledge" often believe that mathematics involves "a set of rules and 
procedures that are applied to yield one right answer" (p. 214). This belief coincides with 
the beliefthat students of mathematics demonstrate knowledge by successfully adhering 
to those rules and efficiently performing mathematical procedures to produce correct 
answers. Teachers holding this belief about the nature of mathematics also tend to believe 
that the teacher is the central focus in the classroom, and she should be in control, doling 
out knowledge to students through step-by-step instruction and demonstration the 
students then reproduce. This is the belief system held by most American teachers. 
In contrast, Stipek and colleagues (200 1) say teachers who believe mathematics to 
be "dynamic" see the subject as one of inquiry and change, a subject that adapts to new 
discoveries and is open for exploration. These teachers believe mathematics learning 
occurs through student engagement in problem solving, involving "reasoning and 
creativity, gathering and applying information, discovering, and communicating ideas" 
(p. 214). These teachers see the teaching of mathematics as the support of a student's 
problem solving process rather than as the dispersal of knowledge. 
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Other beliefs regarding mathematics that are particularly pertinent to teachers are 
beliefs about student ability, student motivation, and teacher self-confidence and 
enjoyment of mathematics (Stipek et al., 2001). Mathematical ability may be believed to 
be either stable or incremental, the former set judging ability to be innate while the latter 
set supports effort as a means to improve learning. Teachers may believe that student 
motivation is caused by praise, rewards, or punishment while others believe that 
motivation is spurred by appropriately challenging tasks that engage student interest. 
Stipek and colleagues (2001) expect that teachers who hold dynamic beliefs about 
mathematics also have higher self-confidence in their ability to do mathematics because 
in order to teach in a manner aligned with such beliefs, teachers must have a deeper level 
of content knowledge. They theorize that this higher level of self-confidence in teachers 
may lead students to enjoy mathematics more. 
Teacher beliefs about mathematics affect student beliefs regarding mathematics. 
Bellock, Gunderson, Ramirez, and Levine (2010) found that female first- and second-
grade teachers of mathematics with high anxiety about mathematics caused female 
students to be more likely to believe boys were naturally suited to mathematics while 
girls were naturally suited to reading. By the end of the school year, those female 
students who believed boys were innately better at mathematics were performing behind 
boys and girls who did not hold this belief. Carter and Norwood (1997) studied fourth-
and fifth-grade teachers and their students. They found that students who had teachers 
whose beliefs about mathematics and the teaching and learning of mathematics were 
aligned and who viewed mathematics as a dynamic field were more likely to believe 
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success in mathematics was related to hard work as opposed to innate talent. 
How Beliefs Affect Teachers and Teaching 
Beliefs often transfer from teacher to student because beliefs affect the way 
teachers approach teaching and interpret learning, thus affecting classroom choices and 
interactions. An important aspect of belief is that "Beliefs might be thought of as lenses 
that affect one's view of some aspect of the world or as dispositions toward action" 
(Philipp, 2007). Skemp's (1976) earlier mentioned example of a teacher holding the 
belief that the term 'understanding' means "the possession of a rule and ability to use it" 
(p.2) indicates that this teacher will consider a student who is able to use the formula, A = 
l x w, to correctly find the area of a rectangle as understanding this concept, whether or 
not the student can explain the reasoning behind the rule. Thus, a teacher's beliefs create 
a lens through which the teacher evaluates successful classroom activity. A teacher with 
an interpretation of 'understanding' that included reasoning and communication would 
have a fundamentally different goal, though both teachers would claim they were 
teaching for understanding. 
Beliefs not only affect what pedagogical strategies and types of tasks appear in 
the classroom, they also affect implementation. Swan (2007) provided professional 
development for teachers at the post-secondary, non-university level in the UK on tasks 
to use in their classrooms. He found that the teachers' classroom implementation of the 
tasks was influenced by their beliefs. While the use of the tasks created a more inquiry-
oriented environment, the teachers ultimately directed the lessons in ways that were more 
concerned with transmitting information efficiently and covering the required topics on 
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the syllabus in the time allotted. Swan attributed the unfaithful implementation in part to 
teachers' beliefs that learning is transmitted from teacher to student. His research results 
suggest that teachers who do not hold particular beliefs aligned with the pedagogical 
strategies behind a task have difficulty implementing inquiry-based tasks as intended. 
This has implications for teacher education and professional development because it 
means that it is not enough for teachers to have high-quality tasks available to them. 
Teachers who do not hold beliefs aligned with the beliefs of the task creators may not 
carry out the task in the way in which it was intended. 
The study of teacher beliefs is challenging because many beliefs are 
interconnected, teachers may hold conflicting beliefs, and beliefs may be inconsistent 
with classroom practice (Pajares, 1992; Philipp, 1997). Indeed, there are a number of 
mediating factors between the beliefs of teachers and their instructional practices. While 
teachers' personal beliefs had an effect on implementation in Swan's (2007) study, 
beliefs about teaching and learning were not the only influence on teachers ' classroom 
decisions. Teachers' enactment of classroom tasks was also influenced by perceived 
expectations from external sources. Particularly salient were teachers' beliefs about the 
importance of covering the syllabus and preparing students for standardized exams .. 
Thus, other beliefs lead the teachers to teach in ways that did not reflect their beliefs 
about the teaching and learning of mathematics. 
Supovitz, Mayer, and Kahle (2000) studied an NSF-funded statewide systemic 
initiative program in Ohio and found that teachers whose beliefs were reform-oriented 
were less likely to act on those beliefs in the classroom if they did not feel they had the 
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support of the school. In their study, they found that K-12 teachers in school climates 
perceived to be supportive were more likely to be confident in their ability to teach 
inquiry-based lessons and were more likely to teach in such a manner, but teachers who 
did not believe their school climates to be supportive did not translate their interest in 
inquiry-based lessons into practice. This was true even for teachers who had a positive 
attitude toward inquiry. Thus, teachers' beliefs regarding learning and teaching may be 
important but do not alone predict classroom choices. 
Formation of Teacher Beliefs and Difficulty in Altering Beliefs 
Teachers' beliefs about mathematics and the teaching and learning of 
mathematics begin to be formed by their experiences in the classroom long before 
becoming a teacher (Bush, 1983; Cross, 2009; Harbin & Newton, 2013; Owens, 1987, as 
cited in Thompson, 1992). These are what Lortie (1975) calls "apprenticeship of 
observation" as a student. While persons in other professions have experienced receiving 
services from professionals (e.g. doctors have spent time as patients), teaching presents a 
unique problem: students are often unaware that they are not privy to all the information 
going into the teachers' actions. As such, when students become teachers, they recall and 
depend on actions without considering the goals or reflections of the teachers whom they 
observed. These are the strategies that teachers fall back on because they have 
experienced success as a student under the practices and teachers are familiar with the 
outcomes of such practices (Lortie, 1975). 
Harbin and Newton (2013) studied six mathematics teachers between third and 
fifth grade who all had at least three years of experience in their current position. Thirty 
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minutes of mathematics instruction was recorded for each teacher, followed by an 
interview where teachers were first asked questions about their beliefs and educational 
background, and then teachers were asked questions about the lesson that had been 
recorded. Analysis indicated that for five of the six teachers, their experiences as K-12 
students were the most influential in determining instructional practices, followed by in-
service training. Little influence was seen from pre-service teacher education. 
Cross (2009) studied five high school teachers of ninth-grade algebra with 
varying amounts of teaching experience. Each teacher worked one-on-one with the 
researcher to implement lessons from a project on student discourse and argumentation, 
and the teachers were provided resources on instructional methods that supported 
classroom discussion. Prior to the implementation of the project, teachers were 
interviewed about their beliefs and their classroom choices. Cross' s analysis of these 
interviews showed that teacher experiences as K-12 students were a strong influence on 
teacher beliefs and classroom choices. 
Throughout Cross's (2009) project, teachers were provided evidence that their 
students applied formulas and procedures without understanding. A majority of teachers ' 
responses were to provide better explanations to their students, rather than to provide 
students opportunity to discuss and justifY procedures to make sense of the concepts. 
Cross attributed the difficulty in changing teacher beliefs to the idea that the knowledge 
supporting new beliefs was "filtered through the old belief system," and further 
"providing evidence that contradicts teachers ' current beliefs is an important component 
of [changing teacher beliefs and practices], but alone [it] will not lead to any real or 
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sustained change" (p. 342). 
Harbin and Newton (2013) and Cross's (2009) research indicates that teacher 
beliefs are initially formed as students and then are difficult to change with later 
interventions. Their work supports prior research and theory indicating that changing 
teacher beliefs is a challenging task (Brown, Cooney, & Jones, 1990; Pajares, 1992). 
Pajares (1992) theorized that the difficulty in changing teacher beliefs stems from the 
phenomenon on assimilation, people are inclined to adapt new knowledge to their 
existing beliefs rather than to change their beliefs based on their new knowledge. 
Teachers would then need to experience their beliefs being challenged. 
Changing Teachers' Beliefs 
Though beliefs are known to be difficult to change (Brown, Cooney, & Jones, 
1990; Pajares, 1992), there are differing perspectives on how to change teacher beliefs 
and practices. This research study uses the Clarke and Hollingsworth (2002) 
Interconnected Model of Professional Growth, which claims that professional 
development can affect teacher beliefs through teacher reflection on their experiences in 
the professional development. The model also indicates that professional development 
can influence teacher beliefs if the professional development causes a change in teacher 
practices and the teacher reflects on those practices or on the student outcomes of those 
practices. Indeed, there are a number of professional development programs that have 
affected teachers' practice by changing their beliefs. 
In order for beliefs to be correlated with practice, some teachers may need a 
chance to consider their beliefs in conjunction with their classroom practices. In 
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Promoting Purposeful Discourse (Herbel-Eisenmann & Cirillo, 2009), Herbel-
Eisenmann details her work in which she had teachers-researchers create a "belief 
mapping," or a spatial representation of their closely-held beliefs about the teaching and 
learning of mathematics. These ideas were later distilled in writing pieces by the teachers, 
and the analysis of their own beliefs informed the research topics pursued by the teacher-
researchers. Teacher-researchers examined which of their professed beliefs were aligned 
with their classroom practices and how their classroom practices might better reflect their 
beliefs. They then began action research projects to implement changes in practice and 
evaluate outcomes. In their writings, many of the teacher-researchers reflected on the 
power of beliefs and the importance of considering beliefs when making decisions for the 
classroom. Several were unhappy with their classroom practices before the program but 
were unaware of alternatives, and others had not previously considered their beliefs about 
teaching and learning and the effects on their practice. This professional development 
program in which teachers were involved in action research led to greater belief-practice 
alignment. 
Basista and Mathews's (2002) studied a four-week summer immersion program 
focused on enhancing the content understanding and pedagogical content knowledge to 
build the confidence of 22 middle and high school teachers of science and mathematics. 
Teachers spent eight hours per day, three days a week for four weeks over the summer 
engaged in the program, and two-thirds of each day was dedicated to content learning in 
cooperative groups while the other third was reserved for the study and discussion of 
pedagogy as well as the creation of classroom units. Using a a Likert-scale survey, the 
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researchers found a change in teacher beliefs regarding their ability to implement inquiry-
based curricula independently (p=0.02). With extended support through the following 
school year, participants ' confidence increased in their ability to phrase questions for 
open-ended student inquiry (p=O.OO), manage instruction that involves the use of 
manipulative materials (p=0.01), use cooperative working groups (p=O.OO), engage 
students in application problems (p=0.01), and use performance-based assessments 
(p=0.06). The frequency of use ofthese practices in the teachers' classrooms also 
increased. 
SummerMath at Mount Holyoke is another program that has been shown to affect 
teachers ' beliefs and also their classroom practices (Simon & Schifter, 1991 ). During the 
two-week summer portion of the program, teachers practiced inquiry in mathematics and 
discussed the pedagogy of inquiry in the secondary classroom. During the academic year, 
teachers received further coaching. All of these elements stressed a constructivist 
viewpoint. Through analysis of teachers ' writings and teacher interviews, the researchers 
found that teachers began to hold constructivist beliefs and that in turn affected their 
classroom choices. 
Reflection of implications on practice and student learning is a core element of 
programs aiming to change teacher beliefs, regardless of their format. Professional 
development programs that have been successful in affecting teacher beliefs often include 
a reflection component in order to assist teachers in internalizing what they have 
experienced, analyzed, or implemented (Basista & Mathews, 2002; Kelly, 2001 ; Rushton 
et al. , 2011 ; Supovitz et al. , 2000; Swan, 2007; Wilson & Cooney, 2003). These 
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reflections asked teachers to, either individually or in groups, consider how the 
intervention supported or challenged their beliefs surrounding the teaching and learning 
of mathematics. How and when reflection occurs varies from program to program, but it 
is seen as essential to the creators of the programs as well as to educational theorists. 
Reflection is a key part of the Clarke and Hollingsworth (2002) model, but programs that 
engage teachers in inquiry practices without reflection have not been studied. This 
research aims to fill that gap. 
In summary, this section has looked at beliefs in relation to teacher practice and 
professional development. The definition of beliefs and the effects of teacher beliefs on 
teaching were discussed. Then, the early formation of beliefs and the evidence for 
difficulty in changing teacher beliefs was discussed. I then wrote about methods for 
changing teachers' beliefs and the effects of changing beliefs on classroom practice. 
Finally, reflection, the common component among programs found to be effective in 
changing teacher beliefs, was discussed. 
Section 2.3 Tasks 
Stein, Grover, and Henningsen (1996) define a mathematical task as "a classroom 
activity, the purpose of which is to focus students ' attention on a particular mathematical 
idea" (p.460). Mathematical tasks are defined by the underlying concept; successive 
classroom tasks are made distinct from one another by a shift to a new mathematical idea. 
Thus, there are typically only a few tasks per mathematics lesson. Since tasks are 
differentiated by the concept or skill they are focused upon, tasks can be the central unit 
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for study when analyzing the mathematical content of a lesson. 
Doyle (1983) points out that participants asked to count the number ofX's in a 
photo will recall different details from the photograph as compared to others asked to 
examine the picture, and children asked to look for rhymes in a poem will recall different 
elements than students asked to summarize the piece. Tasks set the parameters by which 
learners engage with content, and the mathematics tasks in which students engage affect 
not only the content learned but also "how they come to think about, develop, use, and 
make sense of mathematics" (Stein, et al., 1996, p.459). How a mathematical task is set 
up informs what mathematical concepts are targeted, and how the task is implemented 
influences what mathematics concepts are internalized and at what level by the students. 
As such, tasks are an important vehicle by which to evaluate instruction, and task choice 
and implementation target two key elements of the task. 
Gauging Tasks by Level of Cognitive Demand 
Smith and Stein (1998) created a rubric by which to analyze tasks' ability to 
engage students in high-level thinking. They outline two cognitive levels oftasks-tasks 
that require little or low cognitive demand and tasks that require considerable or high 
cognitive demand. Each of these categories is broken down further into two 
subcategories. The "Low-Level Demands" category is subdivided into "Memorization 
Tasks" and "Procedures Without Connections Tasks." Memorization tasks ask students to 
reproduce facts and procedures such as definitions or formulae from memory without 
connecting them to the underlying concepts. These include problems that cannot be 
solved through a procedure or do not allow the time to use a procedure, for example 
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multiplication fact flash card activities where speed is valued. Student responses would 
be expected with such speed as to make the activity focused on fact recall rather than the 
procedure behind multiplication. This has a low level of cognitive demand. 
The other category of tasks with Low-Level Demands is Procedures Without 
Connections. These tasks ask students to use a prescribed algorithm to complete the task 
or the repetitive structure (same problem, different numbers) and the placement within 
the text or lesson (e.g. problems in a section entitled the elimination method are 
representative of tasks in this subcategory). These tasks do not require students to make 
connections among ideas or explain why the procedure is successful. These emphasize 
correct answers rather than the process used to produce the correct answers (e.g., a task 
asking students to multiply two two-digit numbers using the standard algorithm where the 
teacher' s expectation is for the student to produce the product of the two numbers.) 
There are two types of tasks that Stein and Smith ( 1998) classify as requiring high 
cognitive demand, "Procedures With Connections" and "Doing Mathematics." 
Procedures With Connections tasks focus students' attention on the underlying concepts 
used in procedures and develop a deeper understanding of the procedures. The tasks 
employ general procedures rather than algorithms, which are specific and require little 
discernment. These general procedures that are central to Procedures With Connections 
tasks require students to reason about why they are doing what they are doing and 
involve the production and examination of multiple representations. For example, "Solve 
4(x+2) = 10 in at least two different ways. Did you get the same answer? Explain why or 
why not." Tasks such as this ask the students to both be able to solve problems in 
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multiple ways and explain relationships between the differing solution methods. 
However, the task does call for a specific type of solution strategy, which differs from 
Doing Mathematics tasks. 
Tasks categorized as Doing Mathematics, unlike Procedures With Connections 
Tasks, "require students to explore and to understand the nature of mathematical 
concepts, processes, or relationships" (Stein, Smith, Henningsen, & Silver, 2000, p. 16). 
These tasks do not have clear solution paths, ask students to analyze their own thinking as 
they attempt to solve the problem, and require students to take into consideration outside 
knowledge and possible constraints to solutions. When engaging in these kinds of tasks, 
students cannot blindly apply algorithms or procedures. Instead, they must integrate 
knowledge from many areas and build relationships between ideas. Thus, these types of 
problems may cause anxiety in students (Smith & Stein, 1998). An example of this kind 
of task would be, "Domingo and Jamie both took their friends to the hockey game. 
Domingo bought 8 burgers and 6 sodas for his friends, and he paid $39.00. Jamie' s 
friends got 10 burgers and 6 sodas for $45.00. Richard arrived late and had to buy his 
own concessions. How much will Richard pay for two burgers and a soda? Explain your 
reasoning" as a task posed to students who had not rehearsed methods of solving systems 
of equations. 
Stein and Smith (1998) make it clear that this framework for sorting the cognitive 
demand of tasks is not a "rigid prescription; rather it is a tool for reflection." Tasks of all 
levels are important in the mathematics classroom. However, teachers seeking to increase 
the cognitive demand placed on their students find this framework to be helpfu] (Stein 
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and Smith, 1998), and these levels have also informed researchers in creating the 
Instructional Quality Assessment, a toolkit for evaluating various aspects of teachers' 
choices related to the cognitive demands of classroom tasks and the influences of reform 
ideologies on teachers ' choices. 
Cognitive Demand in Task Implementation 
However, choosing a task with a high cognitive demand is not sufficient to 
indicate student learning of complex mathematical content. The Mathematical Tasks 
Framework (MTF) (Figure 2.3.1) indicates the stages of a task. First, a task can be 
evaluated for its cognitive difficulty as it appears in the instructional materials, such as 
the textbook. However, the task as set up by the teacher may have a different level of 
complexity, and still further, the task difficulty may be altered as it is implemented in the 
classroom by the teacher and students together. This indicates that at several points, the 
task may be altered to change its complexity, and as such, when concerned with student 
learning, it is necessary to look beyond the tasks chosen by teachers to see how the task is 
implemented with students during instruction. 
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Task as It 
appears .in 
instructional 
or currtcular 
materials 
Task as 
set-up 
by the 
teacher 
Task as 
Implemented 
by the teacher 
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during 
instruction 
Figure 2.3.1 The Mathematical Tasks Framework (Stein, et. al., 2000) 
A number of research studies have indicated that cognitive demand often declines 
during implementation, meaning that the cognitive demand of the task goes from being 
high-level as the task appears or is set-up by the teacher but becomes a low-level task at 
implementation. Hiebert and Stigler (2004) noted that in the TIMSS 1999 video study, 
this was a particular difference between teachers in the United States and teachers in Asia 
and Europe. American students discussed and explored mathematical relationships less 
than 1% of the time when working on high-demand tasks, a very different experience 
from their high-achieving international peers. 
Swan (2007) encountered this phenomenon in his study of teachers who 
participated in a two-day residential workshop on implementing inquiry-based tasks, 
along with two one-day follow-up meetings throughout the year. In this study, teachers of 
low-attaining college students in the UK used the high-level tasks from the professional 
development program in their classrooms. Swan found that these teachers had their 
traditional ' transmission' beliefs about the teaching and learning of mathematics (that 
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knowledge is transferred from the instructor to the student) challenged by the positive 
outcomes of the lessons. However, the teachers' transmission-based beliefs caused them 
to implement the reform-oriented tasks in ways that were not intended by their authors. In 
his observations of one teacher, Swan noted that a teacher with non-reform-oriented 
beliefs tended to offer help before students encountered a challenge (i.e. giving students a 
method of solution), used questioning that focused on recall of factual knowledge rather 
than connection-making, and chose to be the resolver of student difficulties. These 
teacher actions decreased the cognitive demand of the tasks during implementation 
despite the high level of demand of the tasks as written. 
There are many ways for high-level tasks to decrease in cognitive demand 
through implementation. In Stein, Grover, and Henningsen's (1996) study, the most 
common factor associated with the decrease in cognitive demand was teachers doing too 
much for students. Teachers either did not allow students to struggle enough, 
inappropriately clarified the problem or solution process based on the abilities of the 
students, or specified steps to take in order to reach a solution. The second most common 
factor in lowering cognitive demand was the inapprop1iate choice of the task for the 
students. A task could be deemed at an inappropriate level for students if students were 
unable to engage with the material because they did not have prerequisite knowledge, 
they found it uninteresting, or the task was written in such as way that they were unable 
to engage or enter into the problem space. Other common issues Stein, Grover, and 
Henningsen found that contributed to task degeneration included teachers focusing on the 
correct answer or mismanagement of time. When too much or too little time is given to 
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students to complete the task, there is a greater chance for students to be off task. Also, 
providing too little time for task completion caused difficulty because students were 
unable to develop ideas and strategies and then implement them. 
If tasks can easily become unproductive, what factors are associated with 
maintenance of cognitive difficulty? Stein and colleagues found that the most common 
factor (found in 82% of the tasks that maintained their cognitive demands) was that the 
task built on students' prior knowledge and experiences. Another positive factor was the 
time allocated for the task-for tasks to be productive, students need enough time to 
engage fully in the solution process but not so much time that they get off-task. The 
modeling of high-level performance, either by the teacher or a student was also a 
common feature of classrooms where tasks maintained their cognitive demand. Modeling 
was most often in the form of presentation of work in which the exploration was 
discussed, multiple representations were provided, and justifications were given. Another 
common factor in the implementation of tasks where the cognitive level was maintained 
was a sustained pressure for explanation and meaning through teacher questions, 
comments, and feedback. Justification was a clear normative practice in these classrooms. 
Scaffolding of the task in such a way that it did not take away from the complexity of the 
task was another common feature, and this was done by both the teacher and fellow 
students. This gave the students better access to the problem while they were still 
challenged by the material. Thus, teacher practices, classroom norms, and expectations of 
students can influence the cognitive difficulty of tasks during their implementation. 
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Professional Development and Task Choice and Implementation 
Professional development programs have been shown to affect teacher task choice 
(Basista & Matthews, 2002; Rushton, Lotter, & Singer, 2011). Supovitz, Meyer, and 
Kahle ' s (2000) study ofthe surveys from 1,475 teachers of science and mathematics in 
four cohorts found that engaging in a 6-week, 40-hour per week professional 
development focused on inquiry-based learning, along with various other supports during 
the school year, was related to self-reported increases in use of inquiry-based tasks in the 
classroom. Not only was this change in teacher task choice evident in surveys a year 
following the initial professional development, but reports of task use frequency stayed 
consistent over three years following the professional development. This meant that the 
initial increase in use of inquiry tasks was sustained for up to three years following the 
intervention. While Supovitz, Meyer, and Kahle did not indicate what elements of the 
professional development led to the changes, their study did indicate that professional 
development can have an immediate and lasting effect on teachers' task choices, although 
the data are extremely limited because no data were collected from the classroom. 
Boston and Smith (2009) used classroom observation in their study of the effects 
of a professional development for teachers training to serve as mentor teachers to novice 
teachers. Eighteen secondary mathematics teachers participated in a two year 
professional development program focused on the selectipn and implementation of 
cognitively challenging mathematics tasks, and ten teachers served as a control group. 
The professional development consisted of six full-day workshops focused on supporting 
improvement in instructional practices during year one, a week at the end of year one 
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dedicated to topics in mentoring, and five half-days in year two centered on helping 
mentor teachers and their pre-service mentees "develop a shared vision of effective 
mathematics teaching" (p. 128). During the first year, 5-day lesson units were collected 
from each of the teachers in the fall, winter, and spring. Using the Instructional Quality 
Assessment (IQA), a toolkit for gauging cognitive demand of classroom tasks that is 
based on the work of Stein and Smith (1996), the mean of the teachers' five task scores 
was taken and compared. As teachers progressed through the program, their tasks reached 
a statistically significantly higher level of cognitive demand, on average. This is further 
evidence that professional development can influence teacher task choice. 
Some research indicates teachers can improve the classroom implementation of 
the tasks they choose. Hiebert and Stigler (2004) detail three elements for improving 
teaching: 1) spend time regularly on studying teaching practices, focusing on planning 
and reflecting on lessons, 2) analyze alternative teaching methods, and 3) evaluate 
student work to improve understanding of student thinking and to adjust teaching to meet 
students' needs. The professional development in Boston and Smith's (2009) study 
addressed all three of those suggestions, with teachers engaging in rich mathematical 
experiences, evaluating video of instruction, and having scaffolded field experiences. The 
results oftheir study showed that the 18 high school teachers in the program not only 
increased the average level of cognitive difficulty of the tasks they chose for their classes 
through the professional development, but teachers' task implementation was also 
affected. As gauged by the IQA, the percent ofhighly-rated tasks that were implemented 
at a high level (meaning they maintained cognitive demand) went from 52% in the fall to 
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87% in the spring for the teachers in the professional development program. The spring 
implementation scores following the professional development for those teachers were 
statistically significantly of higher cognitive demand as compared to a control group. 
This indicates that professional development directly addressing practices to maintain 
cognitive demand can be effective at enhancing teachers' abilities in that area. 
In summary, tasks are the cornerstone of classroom instructional activity. These 
tasks can be sorted by the level of cognitive demand they present to the students. 
Professional development programs have been used to provide teachers with 
opportunities to experience, create, and implement high-level activities. It is important to 
note, however, that while teachers may choose higher-level tasks as part of instruction, 
the cognitive level of those tasks may be reduced during classroom implementation. As 
such, the act of simply choosing higher-level tasks may not be enough; teachers must also 
enact those tasks in a way that maintains the cognitive difficulty. Some professional 
development programs can improve both task selection and implementation. While there 
is not a significant amount of research on tools to assist teachers in implementing and 
maintaining the cognitive demands of instructional tasks, it appears that professional 
development holds promise in helping teachers to both change their task choice to 
include higher-level tasks and to maintain the level of those tasks in the classroom. 
However, while teacher-as-learner and inquiry components have been a part of 
professional development programs that have affected teacher task choices and 
implementation, the effects of the inquiry component alone have not yet been studied. 
This research aims to fill that gap in the literature. 
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In summary, most immersion professional development programs include a 
reflective component that connects the experience to the classroom. However, PROMYS 
for Teachers is a longer, more intensive mathematical immersion experience than any 
other professional development program, and it does not include a reflective element. 
Thus, the study of PIT allows for the analysis of the effects of immersion in isolation 
from other characteristics of typical immersion professional development programs. 
According to Clarke and Hollingsworth (2002), the effects of a professional development 
can be seen in either changes in teacher beliefs or in changes in teacher classroom 
practices. This study aims to contribute to the research on the effects of immersion on 
teacher beliefs and task choices and implementation. In the next chapter, I will describe 
the instruments, data collection, and analysis methods used in this research. 
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CHAPTER3 
METHODS AND PROCEDURES 
This study investigated the effects of a professional development program on 
secondary teachers ' beliefs and practices. In order to investigate changes in an entire 
cohort participating in a mathematical immersion professional development program 
(PROMYS for Teachers) and also to analyze individual experiences of the program, a 
mixed-methods study was designed. Three survey measures were used to collect data: the 
Secondary Teachers Task Survey, Secondary Teachers Beliefs and Attitudes Survey, and 
the Alumni Motivations and Outcomes Survey. This last instrument, an open-ended 
survey, was used to gather data from past participants of the PIT program. Two case 
studies of teacher participants were used to describe the experience of participants in the 
PIT program, and one case study was followed into her school-year classroom to 
investigate effects of the program on classroom instruction. 
The research questions asked in this study were 
1. What is "the PROMYS experience?" 
2. Are research participants' choice of mathematical tasks for students or the 
implementation of those tasks affected by their beliefs and attitudes about 
mathematics, and does participation in PIT affect that relationship? 
3. Are research participants ' choices or implementation of mathematical 
tasks affected by their participation in the PIT program? 
Section 3.1 describes the instruments used in the various phases of this research, 
the study samples used for the various instruments and data collection procedures. First, 
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the procedure for and the tools used in the case study will be discussed, and then each of 
the survey instruments will be detailed. Section 3.2 discusses confidentiality, and Section 
3.3 describes how each of my research questions will be addressed using these data. 
Section 3.1 Description of the Instruments and Data Collection 
The Case Study 
Case studies were done on two teacher participants in the PROMYS for Teachers 
2011 cohort. For the two case studies, three sets of data were collected: a series of 
interviews, observations and coursework from the program, and classroom unit packets 
from one participant in the fall following the program. 
Interviews were conducted on the first day of the program, four other days 
throughout the program, and for one participant, once in the spring following the 
classroom data collection. The questions for the initial interview were focused on 
participants ' backgrounds in mathematics, their beliefs about learning mathematics, 
description of a typical classroom lesson, their use of questioning and inquiry in lessons, 
and their expectations and apprehensions regarding the PIT summer program. The goal of 
the initial interview was to collect background data on participants' teaching practices 
and beliefs prior to the immersion experience. The initial interview protocol for the case 
studies can be found in Appendix A. 
Interviews were also conducted throughout the program with the goal of capturing 
participants' perception of the program and their experience in the program as it 
progressed. These interviews were conducted with an open protocol, inviting participants 
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to discuss anything they in particular wanted to talk about and following-up on topics 
participants decided were of note. Participants were initially asked how they felt the 
program was progressing, and then participants were asked follow-up questions to 
comments they made. This allowed me to focus on what the participants felt was 
significant in contributing to their summer experience without influencing teacher 
reflections on teaching. The final exit interview asked the one participant still 
participating in the project if she felt PIT affected various beliefs about the teaching and 
learning of mathematics, to give any follow-up commentary to supplement the classroom 
data that was collected (described below), and to share any further thoughts she had on 
the PIT experience or its effects on their teaching. The final interview was designed to 
track changes in beliefs and to enable me to focus on aspects of the experience the 
participant felt significantly impacted her. 
Observations and audio-recording of case study subjects were conducted on eight 
purposefully-chosen days during the program. The days selected for observation were 
two days each during the first week and the week of the midterm and one day during each 
of the other four weeks of the program. The first week is an intense period where teachers 
first realize that they cannot treat PIT like a typical mathematics class. From the 
researcher's experience as a participant and counselor in the program, the problem sets 
are too long and difficult to complete every item on them, and many teachers struggle 
with the idea that it is impossible to complete an 'assignment.' The PIT approach to 
assignments is in deep contrast to typical mathematics classroom assignments where 
correct completion of every assigned item is the expectation. Capturing participants' 
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initial approach to problem sets and their fmstration with and adaptation to the PIT 
stmcture is essential to analyzing any changes that occur over the program. The need to 
adapt approaches to coursework recurs the week of the midterm as teachers prepare for 
an assessment. The PIT midterm is again too long and complex for even the most skilled 
and knowledgeable number theorist to satisfactorily complete within the time allotted, 
and as such, the typical approach of studying for everything on the test is no longer 
beneficial. Teachers must adapt their study strategies to prepare for the midterm, thus two 
observations occurred during that week. 
Participant observations included full-day audio recording of the PIT activities 
and work sessions. The researcher took field notes during this time. Audio-recordings and 
field notes were analyzed to create a moment-by-moment catalog of interactions and 
coursework progress. Course artifacts were collected and used to supplement notes on 
participant work during the problem solving sessions. These included daily coursework 
as well as exams. 
Materials from two classroom lesson series were collected. Each series consisted 
of four or five lesson plans in series, samples of student work, and self-interviews 
following the teaching of each lesson. Lesson plans included the lesson objectives, a 
planned sequence of activities, copies of materials used in class such as textbook 
problems, assigned homework problems, and the teacher' s expectations for high-, 
average-, and low-quality work in that lesson. Student work was collected from the same 
six students for the entire unit. The six students were chosen to represent two high-
achieving students, two average-achieving students, and two low-achieving students. The 
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self-interview protocol asked the teacher to enumerate the goals of the class, what their 
plan had been to achieve those goals, what happened in class, anything notable that 
happened in class, and how the teachers checked to see if learning occurred or if students 
were engaged with the lesson materials. The questions for the self-interview mirrored the 
questions asked on the cover sheet for the Instructional Quality Assessment Classroom 
Assignment Rubric. The self-interview was recorded on a digital recorder at the 
convenience of the teacher. 
Materials from the lesson series were analyzed using the Assignment Collection 
Rubrics from the Instructional Quality Assessment (IQA) Scoring Protocol for 
Assignment Collection. The IQA toolkit is a set of protocols devised to rate instruction, 
and the Assignment Collection Rubrics do so using classroom assignments with 
accompanied student work. The IQA has been in development at the University of 
Pittsburgh's Learning Research and Development Center since 2002 (Junker, et al., 
2006). The rubrics used in the IQA are based in great part on the QUASAR framework 
(Junker, et al., 2006). 
The QUASAR framework is based on the cognitive demand oftasks, as outlined 
by Smith and Stein (1998). Tasks can be classified as requiring high cognitive demand or 
low cognitive demand. Tasks with high cognitive demand require students to engage in 
doing mathematics or in doing procedures with understanding. These tasks require 
connecting multiple representations, linking concepts, and making sense of solution 
paths. Tasks with low cognitive demand require students to perform procedures or 
reproduce facts without creating connections between ideas or deepening their 
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understanding. Tasks change from how they are written in curricular materials, to how 
the teacher sets them up for class, and then also in how the tasks are carried out by the 
students (Stein, Grover, and Henningsen, 1996). Thus, it is insufficient to analyze only 
one aspect of a task. The IQA has separate rubrics to analyze the cognitive demand of 
each of these stages of the tasks used in teachers' classrooms. 
The three rubrics used in this study from the Scoring Protocol for Assignment 
Collection portion of the IQA are in the Academic Rigor section of the instrument. The 
Academic Rigor section consists of rubrics that quantify a) the potential of the task; b) 
the implementation of the task; and c) the academic rigor of the teacher' s expectations. 
Each ofthese is scored on a scale ofO to 4. 
Rubrics. 
Potential ofthe task (AR-1). The Potential of the Task rubric (AR-1) identifies 
the academic rigor of the task as it was given to students. The data analyzed by this rubric 
were the problems from the textbook used in the lesson, the description of the classroom 
task as written in the lesson plan and given by the case study participant during the self-
interview, and any class rubrics specific to the task. 
A score of 4 is assigned to tasks with the potential to engage students in "doing 
mathematics" or "procedures with connections" as defined by Stein and colleagues 
(2000). These are tasks that have the potential for high cognitive demand. A score of 3 is 
for tasks that lack crucial elements, such as a high level of complexity or pressure for 
students to generalize patterns that would otherwise rank them at a 4. Tasks that score a 2 
on potential of academic rigor are those tasks where students are asked to perform a task 
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they know how to do or have seen done before. These tasks focus on correct answers 
rather than developing mathematical understanding. Other tasks which may score a 2 are 
those tasks that are cognitively demanding at a level of 3 or 4 but the content of the 
material is two or more grade-levels below the current grade level of the students. Tasks 
scoring a 1 are those that ask the students to memorize or reproduce factual knowledge 
without making connections between mathematical ideas. A score of 0 is reserved for 
tasks where no mathematical activity is required such as drawing pictures. This scoring of 
AR-1 does not reflect general rubrics used in the class. For example, a class rule stating 
that students should always explain their thinking would not be considered in the 
evaluation of the potential of a task. However, including the phrase "Explain your 
thinking" within a problem would affect the evaluation of the potential of the task. 
Implementation oftlte task (AR-2).While choosing tasks with high potential is 
important, it is possible and not uncommon for the cognitive level of a task to decline 
during implementation (Stein, Grover, & Henningson, 1996). The Implementation of the 
Task (AR-2) rubric uses student work from the task to determine if the demands of the 
task declined or were maintained during class implementation. 
The AR-2 score must be less than or equal to the score for the potential of the 
task. A score of 4 can only be earned if the tasks' potential was rated a 4 and student 
work indicates all elements that were necessary for the potential to reach that score were 
enacted in the lesson. Tasks with the potential of3 or 4 are high-level tasks that if 
implemented without accompanying explanation would earn a score of3. Tasks with a 
potential of 3 or 4 could earn a score of 2 if, when implemented, all of the student work 
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samples showed similar work or the work shown included only a procedure and did not 
display any use of mathematical reasoning. In order to earn a score of 2, the procedure 
intended to be the focus of the lesson must be shown in student work. If the procedure 
was absent or if the task is multiple choice and/or fill-in-the-blank, the task 
implementation was scored as a 1. 
Academic Rigor in Teacher's Expectations (AR-4).The Academic Rigor in 
Teacher's Expectations (AR-4) rubric examines teacher expectations regarding student 
engagement. It parallels the Potential of the Task rubric in that a score of 4 is earned if 
the teacher expects students to use complex thinking and/or exploration to build 
understanding of mathematical concepts, procedures, and/or relationships. A score of 3 is 
earned if the expectations are for complex thinking or understanding but the task is 
inappropriate for such processes to occur. Expectations scored as 2 focus on important 
learning skills but not ones that are higher-level. This may include expecting use of 
specified skills or strategies without expecting understanding of the meaning behind the 
skills or strategies. A score of 1 is earned if the teacher's expectations focus on non-
mathematical content, such as classroom behavior or following directions. The Academic 
Rigor in Teacher Expectations scores are determined based on what the participant wrote 
on the cover sheet for the assignment. 
Case study subjects agreed to attend two aU-day seminars during the school year 
following their participation in PIT. These seminars were held in November and 
December 2011 at a location different from where the summer program took place, and 
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the seminars included exploration of problems in mathematics in both number theory and 
other topics in mathematics. Further, the seminars included PIT teacher alumni 
presentations of mathematical problems and units from their own classrooms. In order to 
ensure that some classroom data was collected before the possible influence of the 
during-year seminars, the first unit of lessons was submitted prior to the November 2011 
semmar. 
One case study participant attended the first ali-day seminar but then dropped out 
of the study. Information about her teaching practices and lesson design were not 
collected. This left one case study participant. Ella, the pseudonym used for the teacher 
who continued in the study, was also administered a final interview in May 2012, the 
spring following classroom data collection. 
To summarize the case study data collection, in July and August of2011, a 
beginning of program interview was conducted. Four other interviews were conducted 
throughout the PROMYS for Teachers program. There were eight full-day observations 
and audio recording, and all coursework and exams were collected during PIT. In 
November one instructional unit, including cover sheets, anonymous student work, and 
self-interviews for one class was collected from one participant prior to her attendance of 
a PROMYS for Teachers ali-day seminar. Another instructional unit along with lesson 
plans, student work, and self-interview was collected prior to her attendance at another 
all-day seminar in December. In May of2012, a final interview was conducted. 
Reliability of the IQA scoring protocol for assignment collections. I was unable 
to secure access to the classroom for this research. However, the IQA Scoring Protocol 
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for Assignment Collection of four assignments has been shown to reliably provide the 
same data as classroom observation (Matsumura, et al., 2006). Thus, the IQA is a reliable 
instrument that should capably describe the teacher's classroom without direct classroom 
observation. 
The Secondary Teacher Task Survey (STTS) 
The Secondary Teachers' Task Survey (STTS) was created to assess any 
differences in teacher task choice, implementation, and use of questioning before and 
after the immersion program. The instrument was written by the researcher with input 
from a team of mathematics educators. In this study, the STTS was administered to 
participants in a PROMYS for Teachers summer cohort as both a pre- and post-test .. 
There are 12 questions on the STTS. Six questions ask participants to select a task 
or tasks that they would use in their teaching, and the other six ask participants about 
instructional decisions during the implementation of a task. All tasks involved in these 
twelve questions were focused on Algebra I concepts so as to be appropriate for both 
middle and high school teachers. 
Task choice questions and scoring. There are six questions on the STTS 
regarding task choice. Three of the task choice questions dealt with systems of equations. 
Of the three remaining task choice questions, two focused on multiplying polynomials 
and one focused on equivalent equations. Participants were asked how they would 
structure a lesson given a topic, and they were to choose their top two from six options. 
The task choices and responses were influenced by various factors. Half of all responses 
reflected the common American teaching practices reported in the TIMSS study (Stigler, 
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1999) of demonstrating a procedure and then asking students to practice it. There is little 
or no prompting for explanation. These questions were also crafted to emphasize the low 
cognitive tasks used in many classrooms (Stein & Lane, 1996). The other three responses 
were created to reflect mathematical processes emphasized in the NCTM Standards and 
Processes (2000) and were influenced by texts that aim to help teachers teach using those 
processes. Some tasks were adapted from Focus in High School Mathematics: Reasoning 
and Sense Making in Algebra (Graham, Cuoco, & Zimmerman, 2010) and the works of 
Stein, Smith, Henningsen, and Silver (2009). These NCTM Standards-based were 
classified as high cognitive demand based on Stein and Lane (1996) or the IQA (Boston 
& Wolf, 2006) scoring rubrics. 
The scoring ofthese tasks used the IQA-ARl Rubric, where scores of 4 
represented high cognitively demanding tasks, 3 indicated the task could be of high 
cognitive demand but might lack a component which required high cognitive demand for 
success in the task. A score of 2 was given to tasks where students used procedures 
without making connections, and a 1 was given to tasks where the only cognitive demand 
was that of memorization or fact recall. Scores of 0 were earned by tasks where no 
mathematical activity was required. An example of a task selection question can be found 
in Figure 3.J .l.The distribution of scores can be found in Table 3.1.1. Two scorers 
independently scored each response and agreed on the final scoring for any responses for 
which the two scorers did not originally agree. Any "other" responses written-in by 
participants were scored by two scorers, and the two scorers agreed on the final scoring 
for all responses. 
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You are teaching the first Algebra I lesson on equivalent equations. 
How have you begun a similar lesson in the past? Select two responses from the list 
below. Number your choices 1 and 2, 1 being the closest match to your actions or (if 
you have not taught this) your expected actions. 
a 
b 
c 
d 
e 
f 
Figure 1 Figure 2 Figure 3 
And ask them to write more than one rule for the number of grey tiles. Then, you 
ask them if their rules are the same and to prove it. 
You present students with a problem like 
"Explore the equations y = 3(2x + 4)- 2 andy= 2(3x- 3) + 16 using graphs, 
tables, and algebra. What do you notice?" 
You show students the equations y = 3(2x + 4)- 2 andy = 2(3x- 3) + 16 and 
demonstrate how they simplify to be equivalent, pointing out the use of the 
associative, commutative, and distributive properties and how the equations stay 
the same but just look different. You show them a few more examples before 
you ask them to work on similar problems on your own. 
You have students input the equations y = 3(2x + 4)- 2 andy= 2(3x- 3) + 16 
into a graphing calculator to see if they produce the same line. 
You give students two expressions 3(2x + 4)- 2 and 2(3x- 3) + 16 and ask them 
to use algebraic properties to justify whether or not they are equivalent. 
You show students the equations y = 3(2x + 4)- 2 andy= 2(3x- 3) + 16 and 
demonstrate how they simplify to be equivalent by solving both for y. You show 
them a few more examples before you ask them to work on similar problems on 
your own. 
Other (if you are not satisfied with any ofthe above): 
Please briefly explain your choices: 
Figure 3.1 .1 Sample STTS Task Choice item 
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Table 3.1.1 
IQA AR-1 Scores for STTS Task Choice Questions by Response 
Number of Question 
Response 1 2 6 7 8 11 
a 4 2 2 2 4 2 
b 2 4 1 4 3 4 
c 4 4 4 2 2 2 
d 2 2 3 4 0 2 
e 2 3 1 3 3 3 
f 3 2 3 2 2 4 
In the problem given in Figure 3.1.1, the possible response scores range between 
0 and 4. Response A earns a score of 4 because there is no prescribed solution path and 
students are required to make connections between multiple representations. Responses B 
and E both score 3 but for different reasons. Response B asks students to make 
connections between multiple representations, however it does not explicitly ask students 
to provide evidence behind their reasoning. Response E asks students to make 
connections between representations using algebraic justification, but students are 
directed to what procedures to use and are not asked to make generalizations. Responses 
C and F were each scored 2 because both asked students to practice procedures without 
connections and allowed students to mimic teacher practices, thus being of relatively low 
cognitive demand. Response D earned a score of 0 because the activity as it is given does 
not require students to engage in any mathematics. 
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For each task choice question, participants were given a score based on the 
average of their responses. This was for two reasons. First, averages are easier to interpret 
using the AR-1 scale. Second, several participants only provided a single response, and 
thus a sum of their scores would not provide an accurate representation of the cognitive 
demand of the chosen task when analyzed with other participants who selected two 
responses. 
Task implementation questions and scoring. The other six questions on the 
STTS were written to address task implementation. Each of these questions presented a 
classroom scenario such as a student struggling with a particular problem and asked 
participants to choose their top two responses to how they would respond to the 
classroom situation. Three of the task implementation questions focused on systems of 
equations. The three remaining implementation questions focused on various other topics 
in Algebra 1: multiplying binomials, graphing a line, and algebraic thinking. Three 
questions asked participants what they would do in response to a common student error, 
while the other three questions asked participants how they would prompt students to 
engage with a given task. For each question, at least two responses reflected a participant 
expectation of students engaging with high-level cognitive demands and at least two 
choices indicated the participant was focusing on non-complex thinking skills. An 
example of a task implementation question can be found in Figure 3 .1.2. 
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You see a student graphing the equation 
y = -2x + 8 
who has plotted a point at the origin, another at ( -2, 8) and has drawn a line between 
them. 
How have you responded to a similar situation in the past? Select two responses from 
the list below. Number your choices 1 and 2, 1 being the closest match to your actions 
or (if you have not taught this) your expected actions. 
a 
You ask him to look at the equation and tell you the y-intercept and slope. Then 
you tell him to fix his graph using that information. 
b 
You tell him something isn't right and to go back and make an xy-table for the 
equation. 
c 
You remind him that the equation is in y = mx + b form and he should use the m 
and the b to graph. 
You ask the student to tell you a story that would have the equation y = -2x + 8 
d and ask him how the point (-2, 8) fits in with that story. You then ask him what 
the graph of his story would look like and how he could show that. 
You look inquisitively at the paper and say, "Hmmm ... if (0,0) is on the line, 
e then it should work in the equation. But when I do that, I get 0 = 8. Does ( -2, 8) 
work in the equation? What do -2 and 8 tell us?" 
f You ask him to tell you everything he knows about graphing equations. Based on his responses, you ask additional questions that help him consider his error. 
Other (if you are not satisfied with any of the above): 
Please briefly explain your choices: 
Figure 3.1.2 Example SITS Implementation Item 
The Task Implementation questions were scored based on the IQA AR-4 rubric, 
the Academic Rigor in Teacher's Expectations, which reflect teachers' expectations of 
student engagement during implementation of a task. A score of 4 indicates that the 
participant' s expectations are that students will engage in high-level thinking, while a 
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score of3 is given to a participant's response that indicated some expectation of high-
level thinking, though the task may have lacked complexity to be a "4" on the AR -1 
rubric. The task also might not have elicited complex thinking. A score of 2 was given to 
responses that indicate the participant was focused on mathematical skills other than 
complex thinking, such as using a specific problem-solving strategy or correct use of a 
procedure. A score of 1 was earned by responses that indicate the teacher is focused on 
non-mathematical content, such as following directions. Half of the task implementation 
questions on the STTS used tasks with a maximum AR-1 score of 3, and as such, their 
highest score was 3. The other three questions had a maximum score of 4 because the 
tasks they were centered on had an AR-1 score of 4. 
The task in Figure 3.1.2 had a Potential ofthe Task AR-1 score of3 because it did 
not explicitly ask students to engage in higher-level thinking. The first three responses a-c 
were all scored as 2 because they focused on a procedure or memorized rules. The last 
three responses d-fwere all scored as 3 because, while the task itself was not complex, 
they indicated the teacher wanted the student to reason about their actions. The response 
scoring breakdown for all STTS Task Implementation questions can be seen in Table 
3.1.2. These scores were agreed upon by two scorers. Any "other" responses written-in 
by participants were scored by two scorers, and the two scorers agreed on the final 
scoring for all responses. 
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Table3.1.2 
IQA AR-1 Scores for STTS Task Implementation Questions by Response 
Number of Question 
Response 3 4 5 9 10 12 
a 2 4 2 3 2 3 
b 4 4 4 2 2 2 
c 4 2 2 2 2 2 
d 2 4 2 3 3 3 
e 4 4 4 2 3 2 
f 4 2 2 3 3 3 
For each task implementation question, participants' scores were based on the 
average of their responses. The reason for this was two-fold. First, averages are easier to 
interpret using the AR-4 scale. Second, several participants only provided a single 
response, and thus a sum of their scores would not provide an accurate representation of 
the cognitive demand level of the teacher expectation when analyzed with other 
participants who selected two responses. 
Validity and Reliability. An earlier 6-item version of the STTS was administered 
to 16 high school teachers and then re-administered to the same teachers one week later. 
The test-retest reliability of the earlier version of the STTS was 80%, meaning 80% of 
responses were identical between the first and second administration. All six of these 
items were included in the final version. Construct validity was confirmed through 
interviews with two high school teachers in May 2011. 
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Sample and administration. The sample for the Secondary Teacher Task Survey 
was drawn from the 2011 PROMYS for Teachers summer cohort. All teachers in the 
cohort were given the surveys. The first administration was during the first week of the 
program, and the second administration was during the last week of the program. The 
survey took approximately 30 minutes to complete. A number of participants completed 
the survey at home and returned it on the last day of the program. Data from both the pre-
program and post-program administrations were recorded, checked, and double-checked. 
I completed all administration and collection of surveys. 
For the STTS, there were 20 respondents who were in their first year. While data 
were collected from students of other years, this research is focused on the experience of 
teachers who attend for a single summer, and so this research will only analyze data from 
first-year participants. The power of detecting one standard deviation with 20 participants 
based on the initial administration is 56%. The demographic data for the STTS 
respondents can be found in Table 3 .1.3. 
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Table 3.1.3 
Demographic Data of STTS Participants 
Gender Frequency Percent 
Male 8 40 
Female 12 60 
Years of Experience Teaching 
0 12 60 
1-3 3 15 
4-6 4 20 
7-9 1 5 
10+ 0 0 
This Secondary Teacher Task Survey can be found in Appendix B. 
The Secondary Teacher Beliefs and Attitudes Survey (STBAS) 
To assess secondary participants' beliefs and attitudes, the Secondary Teachers' 
Beliefs and Attitudes Survey (STBAS) was developed. It consisted of 18 questions and 
used a 7-point Likert-scale. The 18 items were separated into three categories: "Belief in 
personal ability to do mathematics," "Beliefs about student learning and understanding," 
and "Beliefs about teaching." The STBAS also had five questions that ask participants to 
place conflicting beliefs on a visual analogue scale. The five visual analog scale items 
each individually address concepts that the researcher felt might demonstrate changes 
based on informal discussion with previous participants. These items also addressed 
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impediments to implementing the "PROMYS way" in the secondary classroom inferred 
from informal conversations with past participants. 
The STBAS was constructed in part by using and adapting items from the Indiana 
Mathematics Belief Scales (IMBS) (Kloosterman & Stage, 1992) and from the Belief 
Inventory (BI) (Abel, 201 0). These two instruments have been used to measure teacher 
beliefs regarding mathematics, personal ability in mathematics, and the teaching and 
learning of mathematics. The STBAS also included items created by the researcher to 
measure beliefs about teaching and ability to do mathematics in relation to teaching. 
Table 3.1.4 displays the sources of the items on the STBAS by category. 
Table 3.1.4 
Number of Items on STBAS by Source and by STBAS Category 
STBAS # items from IMBS # items from BI # items created by 
Category Category It researcher 
Personal 
Ability to Do 3 3 
Mathematics 
Student 
Learning and 3 3 
Understanding 
Teaching 6 
Note: t Teachers' Conceptions of Student Learning 
The development of the STBAS was an iterative process. The first version of the 
STBAS had 42 items. It was administered to 57 mathematics education students in April 
and May of2011. Due to widely varying responses between elementary, middle, and high 
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school teachers, the analysis was done using only the 16 high school teachers. Using 
factor analysis, three categories emerged with six items each: "Belief in personal ability 
to do mathematics," "Beliefs about student learning and understanding," and "Beliefs 
about teaching." These categories had Cronbach's alphas of .75 , .69, and .76 respectively 
and were used in the final instrument. 
The first category of questions on the Secondary Teachers' Beliefs and Attitudes 
Survey is "Personal ability to do mathematics." This category is intended to measure 
participants' self-confidence in their ability to do mathematics problems both alone and 
with students. Some ofthe questions in this category are from the IMBS; there were also 
three items I developed. One of these questions addressed participants' confidence in 
solving difficult problems in front of students when the participant does not know the 
answer to the specific problem. Another question asked participants about their 
inclination to do mathematics outside of work hours. A higher score indicated greater 
confidence in participants' ability to do mathematics. The Cronbach's alpha for this 
category was a= .75. 
The second category on the STBAS was "Beliefs about student learning and 
understanding." These items measure the extent to which participants hold an 
instrumental belief about understanding in mathematics. A person holding an 
instrumental belief about understanding in mathematics uses students' ability to perform 
procedures and follow directions as indicators ofunderstanding (Skemp, 1976). In 
contrast, a person holding a relational belief about understanding in mathematics focuses 
on students' knowing what to do and why as well as their ability to explore mathematics 
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(Skemp, 1976). A higher score indicates a more instrumental belief about mathematical 
understanding. The Cronbach's alpha for this category was a= .69. 
The final category on the STBAS was "Beliefs about teaching." The questions in 
this category focused on participant presentation of materials, how the participants decide 
what topics to teach, and how participants respond to student questions. These 
instructional characteristics reflect ways in which the pedagogy of the PROMYS for 
Teachers program differs from the typical mathematics classroom as described by the 
TIMMS study (Stigler, 1999). They are also elements of the classroom that affect the 
cognitive demand of instructional tasks. The Cronbach's alpha for this category was a= 
.76. 
As has been seen in the literature, teachers can hold conflicting beliefs. In order to 
parse some ofthese conflicting beliefs out, five visual analog scale items were created 
that enabled participants to indicate beliefs along a scale. These items were adapted from 
items in the first STBAS administration. These survey questions were not grouped into 
one of the three belief categories by factor analysis but were still of interest to me 
because they reflected areas where the PROMYS for Teachers program might affect the 
classroom. Some items also focused on common conflicts that prevent faithful 
implementation of pedagogical practices, such as the belief that covering a broad 
curriculum is important or that an instructor must keep pace with his or her department 
(Supovitz, Mayer, & Kahle, 2000; Swan, 2007). These five questions addressed 1) 
extending knowledge to novel problems as a necessary element to demonstrate student 
understanding, 2) keeping pace with the department versus spending time necessary to 
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develop understanding, 3) appropriateness of the expectation that students should be able 
to do problems on which they have received no guidance, 4) whether the student or the 
teacher should be the central figure answering student questions, and 5) whether depth of 
content or breadth was of greater importance in instruction. An example of one of the 
STBAS scales is provided in Figure 3.1.3. 
Put an X on the line where you believe you fit on the line between the two concepts. 
It is important for students It is important for students 
to have a solid to have exposure to a broad 
understanding of core spectrum of concepts, even 
concepts, even if that means if that means they will 
they are exposed to fewer understand concepts with 
concepts. less depth. 
I 
' 
Figure 3.1.3 Problem 23 from the Five Visual Analog Scale Items ofthe STBAS 
Each of the belief scales in the STBAS was scored by averaging the participant 
responses on all items in the category, with inverse scoring used for items negatively 
correlated with the other items in its category. The visual-scale items were scored 
numerically, with marks on the dots being converted to 0-7, the leftmost dot being scored 
as 0. Marks between dots were increased by 0.5 from the left-most dot of the interval. 
Validity and reliability. All items have been approved as having construct 
validity by mathematics educators with experience using belief-measuring instruments, 
either because they are from previously administered surveys or because they were 
created by me and other mathematics education colleagues and confirmed by other 
colleagues. Test-retest reliability was not done for the final form of this instrument. 
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However, the Cronbach's alpha values indicate acceptable levels internal consistency of 
each belief scale. The STBAS instrument can be found in Appendix C. 
Sample. The Secondary Teacher Beliefs and Attitudes Survey sample was drawn 
from the first-year participants in the 2011 PROMYS for Teachers summer cohort. All 
participants in the study were given the STBAS. The pre-test administration was given 
during the first week of the program, and the post-test administration occurred in the last 
three days of the program. Upon collection, both sets of responses were digitally recorded 
in an Excel file, checked, and double-checked. 
There were 19 participants who completed the pre- and post-STBAS 
administrations. 53% of respondents were pre-service teachers. Given the sample size of 
19, the power to detect a standard deviation in difference is 54%. The demographic 
information for the STBAS respondents is displayed in Table 3 .1.5. 
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Table 3.1.5 
Demographic Data ofSTBAS Participants 
Gender Frequency Percent 
Male 7 37 
Female 12 63 
Years of Experience Teaching 
0 10 53 
1-3 4 21 
4-6 3 16 
7-9 1 5 
10-15 0 0 
16+ 1 5 
The PROMYS for Teachers Alumni Motivations and Outcomes Survey (AMOS) 
The data collected from the Case Study, STTS, and STBAS were used to 
investigate participants' beliefs and practices in the 2011 PROMYS for Teachers 
program. To gather more data on the influence of the PIT program on participants' 
beliefs and attitudes about the teaching and learning of mathematics, the Alumni 
Motivations and Outcomes Survey (AMOS) was created. This survey was composed of 
six open-ended questions: one question focused on participants' motivations for 
participation in the program, four questions focused on participants' beliefs, and one 
question asked for any extra comments participants wished to share about the PIT 
program. 
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Because I had worked as a teaching assistant in the PIT program for two years 
prior to this research study, I had informal knowledge that previous participants had 
enrolled in the program either for the stipend (awards of over $1000 for in-service 
teachers not currently enrolled in a graduate program) or the graduate-level credits which 
could be applied toward a master's degree or used for a step increase in their pay scale. It 
is possible that the reason for participant enrolls might affect the experience that 
participant has in a program, so teachers were encouraged to be as honest as possible in 
their responses. 
Four questions on the AMOS examine past participants' beliefs related to their 
involvement in the PIT program. In particular, the open-response questions on the AMOS 
asked participants if they thought that PIT "affected" their beliefs about 1) the nature of 
mathematics, 2) how students learn mathematics, 3) how one should teach mathematics, 
and 4) ones own ability to do mathematics. The final question on the AMOS was an open 
response question where participants provided any other comments they felt like sharing 
about their PIT experience. 
Administration of the AMOS. The Alumni Motivations and Outcomes Survey 
(AMOS) was posted on Survey Monkey and an email with a link was sent to the 
PROMYS for Teachers alumni email list in March of2012. The email requested that past 
participants click the link to take an anonymous survey. The survey was also printed and 
made available at a seminar in November 2011, which brought together former PIT 
participants. Twenty-seven respondents attended only one year of PIT; their data is 
reported and analyzed in this study. Thirty-seven percent of these 27 participants had no 
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teaching experience prior to participation in the PIT program. The demographic 
information for the one-year participant AMOS respondents can be found in Table 3.1.6. 
Table 3.1.6 
Teaching Experience of Single-Year Participant AMOS Respondents Prior to Attending 
PjT 
Frequency Percent 
Years Experience Teaching 
Prior to Attending PROMYS 
for Teachers 
0 10 37 
1-3 9 33 
4-6 4 15 
7-9 2 7 
10+ 2 7 
Total 27 100 
Survey coding. The AMOS was analyzed in several phases. First, I read all 
responses and then read them through again, this time marking common themes in 
responses. I then made a list of themes present in multiple entries and created defmitions 
for these themes. 
The codes that emerged from the AMOS data were Exploration/Discovery (ED), 
Cooperative Learning (CL), Questioning (Q), Reinforcement (R), and Non-Transferrable 
(NT). Data coded as ED discussed mathematics either in their own classroom or during 
the PROMYS for Teachers program as involving exploration, discovery, investigation, or 
87 
something similar. CL coded responses discussed group work, collaboration, or 
cooperation as a part of mathematical activity. Those AMOS responses coded Q 
reference questioning as a teaching technique in mathematics, such as " ... When I 
struggled through material on my own, I learned more about how to discuss problems 
with students through questions and to help them think through a problem." R-coded 
responses mentioned that the program reinforced, bolstered, or affirmed some beliefthe 
participant previously held, and NT responses communicated in some way that the 
pedagogical techniques used in the PIT program were not transferable to their classroom 
or their students. The definition ofthe codes and examples can be found in Table 3 .1. 7. 
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Table 3.1.7 
AMOS Codes with Definitions and Examples 
Code Definition 
Exploration/Discovery (ED) Teacher writes about mathematics, their 
teaching, or student doing of mathematics 
focusing more on "exploration," 
"investigation," "discovery," "pattern-
finding," 'making conjectures," "hands-on," 
or other similar terms. 
Statements that only say, "I teach more like 
PROMYS" or the like do not fall into this 
category 
Cooperative Learning (CL) Teacher writes about mathematics, their 
teaching, or student doing of mathematics as 
involving group work, collaboration, or 
cooperation 
Questioning (Q) Teacher writes that they use questioning in 
their teaching 
Asking questions 
Answering questions with questions 
Questioning 
- ~-
- - - · - ---
Example 
"It showed me that math can be a rich 
playing ground for lots of discoveries and 
that kids should make many of these 
discoveries of their own." 
"Definitely! When I was a high school 
student, the teacher presented concepts and 
the students learned them. I had not been 
exposed to the idea of letting students 
discover mathematical concepts on their 
own, and Promys showed me this 
approach ... " 
"Yes, I probably would have lectured more I 
I before PROMYS, but I now plan to 
include as much small-group explorations 
' 
as possible." 
" .. . When I struggled through material on 
my own, I learned more about how to 
discuss problems with students through 
questions and to help them think through a 
problem." 
-----
\0 
0 
Table 3.1.7 (Cont.) 
AMOS Codes with Definitions and Examples 
Code Definition Example 
Reinforcement (R) Teacher writes that PROMYS for Teachers "I think I already bought into the 
"reinforced" their beliefs. Terminology may PROMYS philosophy of mathematics as 
include "reinforced," "bolstered," "affirmed," something you do, being surrounded by 
etc. interesting problems, making incremental I 
process ... it was more affirming rather than 1 
changing.' , 
Non-Transferrable (NT) Teacher writes that PROMYS for Teachers "If I were taching [sic] a highly motivated 
doesn't transfer well to their classroom or highly skilled group I'd certainly attempt 
because a more problem-oriented approach." 
Their students are not motivated 
Their students are not strong 
mathematically 
This type of learning is time-
consuming/they don't have time 
This type of learning is hard to fit into the 
curriculum 
This type of leaning requires a certain type 
of student 
-- __ L__ - - - ------- - - - - --------------
After the initial coding, responses were then read again and coded using these 
themes. Themes present in less than 10% of responses were dropped. Then, another coder 
was used to independently code the responses. Coding disagreements were decided in 
discussion between the two coders. All final codes were agreed upon by both coders. 
The AMOS can be found in Appendix D. 
Section 3.2 Confidentiality 
The data generated by the instruments in this study include written surveys, an 
electronic survey, transcribed interviews, classroom observations, classroom assignments 
and student work. Confidentiality of participants was maintained using non-identifiable 
codes. The electronic survey utilized tools available from Survey Monkey to maintain the 
anonymity of survey-takers. All surveys were stored in a secure location in my home and 
digital information was stored on an encrypted drive. 
The two case-study participants are referred to by pseudonyms and are identified 
by gender, level of education, extent of previous professional development, and district 
student demographics. Case study data collected were stored in a secure location in my 
home and digital information was stored on an encrypted drive. Consent forms were kept 
separately from collected data. 
Section 3.3 Data Analysis 
The purpose of this study was to investigate the effects of an intensive immersion 
professional development program, PROMYS for Teachers, on its participants. 
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Specifically, this study sought to examine the relationship between participation in the 
PIT program, teachers ' beliefs, and teachers ' task choice and implementation. As a 
mixed-methods study, both quantitative and qualitative methods were used for analyses. 
The methods of analyses of the four research questions are presented in this section. 
Question 1 
What is "the PROMYS experience?" 
Question 1 was investigated through case studies of two PIT participants. This 
included analyzing data on the PROMYS summer experience and classroom unit 
materials from Fall 2011. The interviews and observations of two study participants from 
the summer experience were synthesized into a case study description of the summer 
experience, found in Chapters 5 and 6. I analyzed interviews for themes to feature in this 
description of the experience, and my personal experience in the program as well as the 
stated goals of PIT were also used to determine the elements focused on in the case study 
description. Observation notes and notes taken during the program that summer were 
used to construct the case study. 
Using audio recordings, transcripts, field notes, interviews, and problem sets, I 
wrote out detailed content logs of case study participants' experiences during the eight 
observation days. I then used the content logs to write a narrative of the participants' 
experience focusing on the themes identified in the manner described above and using 
vignettes to exemplify typical interactions. The case study narrative is written in two 
segments: the first half of the program and the second half of the program. 
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Question 2 
Are research participants' choice of mathematical tasks for students or the 
implementation of those tasks affected by their beliefs and attitudes about 
mathematics, and does participation in PIT affect that relationship? 
This question asks both whether participants enter the program with a relationship 
between beliefs and task choice and implementation and whether participation in the 
program changes that relationship. 
In order to address the first part of this question, whether participants enter the 
program with a relationship between beliefs and task choice and implementation, I 
performed six standard multiple regressions, one for each task-choice question on the 
STTS. Participant response IQA scores on task choice questions served as the dependent 
variable. The independent predictor variables were belief scale scores (teaching, learning 
and understanding, and personal ability). The F-ratio indicated whether the belief scales 
could significantly predict the IQA score, while t-values indicated the ability of each 
belief scale individually to predict the IQA score. The R2 value indicated the strength of 
the overall model. The same analysis was done for the six task implementation questions 
by running the same statistical tests replacing the prediction of task choice score with the 
prediction oftask implementation scores. 
To address the second part of this question, whether participation in PIT affected 
the relationship between beliefs and task choice and implementation, similar multiple 
regression models were run. For each STTS question, the IQA score remained the 
dependent variable. However, for this analysis, four dependent variables were added. In 
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addition to the belief scale scores, pre-post status (0 if pre-program, 1 if post) and three 
interaction variables created by taking the product of pre-post status with belief scores 
(i.e. treatment*Teaching) were added. The F-value indicated whether the independent 
variables could significantly predict the IQA score for the STTS question. The t-values 
indicated if the pre/post status affected task choice while controlling beliefs or if the 
pre/post status interacted with beliefs to predict the IQA score. The R2 value determined 
how much of the variation in IQA scores could be determined by the independent 
variables. 
Because of the small sample size, other data were used to triangulate survey 
outcomes. A case study's end-of-program interview and data from her classroom were 
used to determine if the program affected her teaching practice. Responses to the AMOS 
were also used. Many respondents, while asked for changes in their beliefs in the survey, 
connected their beliefs to their classroom practice and related their beliefs and practices 
to the PIT program. 
Question 3 
Are research participants' choices or implementation of mathematical tasks 
affected by their participation in the PIT program? 
Several data sources were analyzed to determine the effects of participation in PIT 
on teachers' task choice and implementation: the Secondary Teacher Task Survey, the 
Alumni Motivations and Outcomes Survey, the Instructional Quality Assessment (IQA) 
Scoring Protocol for Assignment Collection scores for case study classroom units, and 
the case study exit interview. 
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I performed two statistical analyses on each STTS question independently. All 
responses for all questions were rated using the Instructional Quality Assessment as 
described above. First, at-test was performed on each question on the STTS to analyze 
changes in IQA scoring of participant responses in terms of pre-test and post-test 
regarding task choice and implementation for improved academic rigor. Then, a Pearson 
Chi-square analysis was done on each question to analyze changes in distribution of 
responses between the pre-test and post-test to examine whether or not participants were 
selecting different tasks of the same cognitive demand, which would not be detected by 
the t-test. 
Though the AMOS asked PIT alumni to report any effects of program 
participation on their beliefs, participants in the survey relayed changes in teaching and 
learning in their classrooms. Thus, the AMOS was analyzed and coded as described 
above, and I examined themes in participant responses for indications of common 
changes in classroom practices. 
I analyzed the classroom unit materials of one case study participant, Ella, using 
the Instructional Quality Assessment instruments to determine the academic rigor of 
teacher expectations, of task potential, and of task implementation. Classroom lesson 
plans and copies of the student textbook were analyzed using the Potential of the Task 
(AR-1) rubric to determine the potential cognitive difficulty of the task. Teacher self-
interviews, package cover sheets, and expectation forms were analyzed using the 
Academic Rigor in Teacher's Expectations (AR-4) rubric to determine teacher 
expectations. Student work was analyzed using the Implementation of the Task (AR-2) 
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rubric to score the cognitive demand of the task as implemented in the classroom. Each 
lesson of each unit was given a score on each of the three rubrics. These scores can 
indicate if participation in the PIT program was associated with higher cognitive demand 
classroom choices, expectations, and task implementation for one case study teacher. 
Finally, Ella spent a considerable amount of time in her final interview relaying 
changes she had made in her classroom practices following the classroom unit data 
collection for this research study. I analyzed interview transcripts for reported changes, 
themes related to her summer experience, and themes related to the AMOS codes. This 
data was synthesized and reported. 
In summary, Section 3.1 described the various instruments used in this research 
study, their creation and use as well as the sample and data collection procedures for each 
instrument. Confidentiality measures were described in Section 3.2. Finally, Section 3.3 
provided an overview of how the data collected were analyzed to answer the questions 
asked in this research. Chapters 4 and 5 comprise the case study narrative. The data 
collected to answer research questions 2 and 3 are analyzed in Chapter 6. 
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CHAPTER4 
CASE STUDY OF THE PROMYS FOR TEACHERS EXPERIENCE: 
THE FIRST HALF 
This research seeks to study the PROMYS for Teachers (PIT) experience and its 
effects on teachers. To understand the research, it is essential to be familiar with the 
workings of the unique professional development program being studied. This chapter 
examines the experiences of two participants as they participated in PIT during the 
summer of 2011. Their experiences will be described over two chapters, this chapter 
describing the first half of the program and Chapter 5 describing the second half of the 
program. Each chapter will first describe participant experience and then provide 
analysis. 
The data for the case studies come from interviews, field notes, content logs and 
partial transcripts from eight full-day observations, participant problem sets, and program 
handouts. Five interviews were conducted with each case study participant, one each on 
weeks one, two, three, five, and six, and each interview was transcribed. Full-day 
observations of each case study participant occurred 8 times during the program and were 
spaced out to occur one or two times per week. Content logs were created from audio 
recordings of observations, field notes, and participant problem sets. Themes that were 
common between interview transcripts and content of both participants were used for 
analysis. 
The researcher has been involved with the PROMYS for Teachers program for 
many years. In 2007, I took part in the program as a pmiicipant. In 2008, I conducted a 
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pilot study on six PIT participants. In 2009 and 2010, I returned to the program as a 
counselor. In 2011 , the summer in which this research was conducted, I also took on the 
role of counselor. While I did not act as a grader for either case study participant, I did 
interact with them as a counselor on several occasions throughout the program. My 
interactions in the role of counselor with the case study participants were no different 
than my interactions with other PIT participants. 
Section 4.1 will introduce the case study subjects. Section 4.2 will focus on the 
first day ofthe program and introduce the many facets of the program. Section 4.3 will 
describe general practices and interactions that occurred during the first half of the PIT 
program in 2011, and Section 4.4 describes the midterm, participant preparation for the 
midterm, and the outcomes of the midterm examination. Section 4.5 analyzes three 
themes between both participants. 
Section 4.1 The Case Study Subjects 
Ella1 was a career-change mathematics teacher who had just finished her fifth 
year of classroom teaching at an urban high school in New England. When asked about 
her mathematics background during her initial interview, she mentioned that aside from 
some basic statistics courses in business school and calculus "for fuzzies" during her 
undergraduate career in political science, the last serious mathematics course she had 
taken was AP Calculus her junior year of high school. Originally, Ella had planned to 
1 All names of participants and counselors used are pseudonyms. 
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spend the summer learning to surf, training for a triathlon, and enjoying herself. 
However, after some difficult personal experiences, Ella felt that she needed something to 
occupy her mind. Her department head had sent out a memo in January 2011 about PIT, 
and Ella needed 12 mathematics credits for her professional certification. She decided to 
apply. Her perspective was, "Okay, there's this thing, it's six weeks, it' ll give grad 
credits . .. Sure, I'll do it," (Ella Initial Interview, 2011). She knew little about the 
program but felt it would not be a waste of her time, something she felt was untrue about 
many education classes. 
Sharon, the other case study participant, completed an undergraduate degree in 
mathematics education over 25 years ago and also held a master's in mathematics 
education. More than two decades had passed since Sharon had been a student in a 
mathematics classroom. She felt she was strong in "concrete" mathematics but had a 
harder time with theory and "didn't care enough to do it" (Sharon Initial Interview, 
2011). She didn' t believe PIT would give her anything to bring back to the classroom, 
particularly if she ended up teaching the same courses she had the year before. However, 
her main goal for the summer experience was "to get [her] feeling good about doing math 
again," (Sharon Initial Interview, 2011) to get her mind thinking, and to get back into 
enjoying mathematics. 
The PIT program was recommended to Sharon by a coworker with whom she had 
attended another professional development program. Furthermore, Sharon's supervisor at 
the vocational school where she worked said the school needed to send a person to PIT 
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this year, and so Sharon came. 
Section 4.2 The First Day 
This section introduces the PROMYS for Teachers program, its structure, and the 
participants and faculty from the summer of 2011. It also describes the first day 
experiences of Ella and Sharon. 
The First Lecture 
When Ella and Sharon entered the lecture hall on the first day ofPROMYS for 
Teachers, the seats already held a smattering of high school students, college students, 
middle and high school teachers, and graduate students. Everyone was dressed in casual 
summer clothing, and various small groups were chatting. Both women took a seat amid 
the crowd. 
Why was the audience on the first day made up of such a diverse group of 
students? The high school students were there for PROMYS, the Program in 
Mathematics for Young Scientists, a summer program that "aims to provide an 
environment for talented young people that will arouse their curiosity and encourage a 
deep personal involvement with the creative elements of mathematics and science. It was 
designed to encourage habits of thought that will lead to scientific independence and 
creativity" (PROMYS, 2012). The application process for high school students included a 
rigorous mathematics section. PROMYS' s roots were in the Ross Mathematics Program 
(RMP), a summer program in existence since 1957 in which the creator ofPROMYS and 
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many PROMYS collaborators participated as teenagers. PROMYS has provided a 
summer experience in mathematics for precocious teenagers since 1988. 
PROMYS for Teachers (PIT) was developed in 1991 as an extension of 
PROMYS to "support current efforts in Massachusetts to enhance problem-solving and 
open-ended exploration in secondary school mathematics classrooms" (PROMYS, 2012). 
This was the reason for the secondary school teachers in the room. The environment was 
a new one for many, with teachers and students both sitting in the audience on the first 
day of class, each one of them unsure of what to expect, anticipating difficult 
mathematics, and anxious about how they would fare in the program. 
The lecture began as the first lecture always does. Professor Glenn Stevens2, co-
creator of both PROMYS and PROMYS for Teachers, scrawled a quote across the board, 
"To think deeply of simple things." The quote was from Arnold Ross, creator of the 
RMP, and it was also written across the top of Problem Set 0. Problem Set 0 was 
assigned as pre-homework once a person was accepted into the program and was to be 
turned in after the lecture on the first day. Professor Stevens explained that throughout 
the program, the concepts the participants would engage with would be simple, but they 
would not be easy. Many of the mathematical ideas encountered could be articulated in 
short, precise language, but understanding those ideas and using them would be a far 
more complicated process. As the lecture went on, Professor Stevens began a 
mathematical pattern by writing "1 + 1 = 2" on the board. He said, "I always love writing 
2 Professor Glenn Stevens was referred to both as "Professor Stevens" and "Glenn" by 
the participants in the PROMYS for Teachers program. In this research, he will be referred to as 
"Professor Stevens." 
101 
that on the board in front of a group of such brilliant individuals" (Week One Day One 
Field Notes, 2011). 
Signs of the content of the course, number theory, began to show up on the board 
as Professor Stevens provided examples of number systems. Symbols and terms came up 
that would likely be completely foreign to the lay person, but participants were all 
somewhat familiar due to the Problem Set 0 assignment. Some of the teachers also 
received ahead of time a packet full of content to "brush-up on." The intention of the 
packet was to enable those with a weaker background in mathematics as determined by 
the mathematical history included in their application to access the content of the course. 
The packet included work on topics up through Algebra II that would be used in the 
program. However, at this point, the material in the lecture was familiar as everyone had 
worked with the integers in their middle school mathematics courses. Nearly all the 
participants from both programs were taking down notes throughout the lecture. 
At the close ofthe lecture, several counselors of the PROMYS program came to 
the front of the lecture hall. They made announcements about what was going on that 
day, which students needed to meet with specific individuals, and other logistical 
necessities. Two people went up the aisles in the lecture hall and passed out Problem Set 
1. The teachers were told the location of their next activity, orientation, something the 
high school students had received days before due to the residential nature of their 
program. The lecture, announcements, and dispersal of a new problem set would become 
the daily morning routine for the next six weeks. 
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Orientation and Program Description 
In the classroom where orientation was held, there were no high school or college 
students. A spread of bagels, cream cheese, coffee, and orange juice was available as 
teachers filed in and chatted with one another. Teachers picked up packets with name 
tags and schedules. Soon, formal introductions began. 
Introduction to faculty, counselors, and participants. Professor Stevens 
introduced himself and gave a brief description of the history and purpose of the 
program. It was created 20 years ago to give teachers an experience in exploring 
mathematics. He alluded to practices and habits within the program, but he focused on 
the importance of experience. The Director ofPROMYS for Teachers, Ken, introduced 
himself. He was a PIT alumnus, a former high school teacher, and currently a professor 
of mathematics. 
Then, PIT counselors went around the room and introduced themselves. PIT 
counselors came from one of two backgrounds: some were current or former secondary 
school teachers who were PIT alumni, the rest were graduate students in mathematics. 
For some, this was their first year as counselors but a number had served as counselors 
for PIT and/or PROMYS for over a decade. 
The teacher participants in PIT were from a variety of backgrounds. Some 
teachers were participating in this program for the first time, and are referred to as "First 
Years." Others were returning for a second or third summer and are referred to as 
"Second Years" and "Third Years" respectively. Some ofthe First Years were 
scholarship recipients working on their Masters of Arts in Teaching (MAT) degree and 
103 
earning initial certification in either middle or high school mathematics. Most of these 
participants had recently matriculated into the MAT degree program and had taken 
courses together during the summer session preceding PIT. In total, there were 14 PIT 
participants who were enrolled in the MAT degree program, 11 of whom had no 
classroom teaching experience. 
The remaining 11 First Years also had diverse backgrounds. One had only been 
teaching for a single year, two had taught in various capacities for over 20 years, but most 
had taught between two and six years. Seven were currently teaching high school, three 
taught at the middle school level, and one was currently working in higher education. All 
were from New England. Several, like Ella, did not have degrees in mathematics or 
mathematics education. 
Four teachers were Second Years, returning to complete the same coursework as 
the first-year teachers in greater depth while also conducting a mathematical research 
project and a classroom application project. The three Third Years introduced themselves 
but had been missing during lecture. The coursework for the third year focused on 
geometry and symmetry. Those participants were to attend separate lectures and work 
independently from the rest of the teachers for the entirety of the program, with the 
exception of program-wide meetings, such as the orientation. 
Program schedule. Once all of the names and occupations were shared, some of 
the finer details of the program were discussed. In their packets, teachers received a 
calendar, one side with the teacher schedule and the other with the student schedule. For 
the First Years, there was little for them to note, except that all teachers were expected to 
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be in attendance from 9am to 5pm. If they wanted, they could attend some of the student 
seminars, but the number theory would likely take up more than enough of their time. 
Lectures were to be from 9-1 0:30am, and from there, participants would move to a 
separate room to work on problem sets for the rest of the day. On Tuesdays in the 
program, there would be one hour where all counselors would be in a meeting and no one 
would be available to help with problem sets. It would be a convenient time to take lunch. 
Every Wednesday, there would be an all-program pizza meeting for an hour at lunch, 
including First, Second, and Third Years, as well as counselors, the PIT director, and 
Professor Stevens. This would be a time where discussion about the program and the 
experience could take place. 
Role of the counselors and grading criteria. Following introductions, Ken next 
discussed the role of counselors, the people who would guide the daily interactions in the 
teacher workroom and provide feedback. The counselors had two jobs: 1) to grade and 
respond to individual problem sets, and 2) to circulate around the workroom to facilitate 
teacher exploration and progress on the problem sets. Each participant had one counselor 
who would grade his or her problem sets, and each counselor had only two or three 
gradees to guarantee that each participant received quality feedback. Each participant 
should receive regular feedback from her or his grader. In the work room with 29 
participants, four or five counselors would be available at all times. They were to be 
considered resources to the participants as they worked through the problem sets, 
although the counselors had been instructed to answer questions with questions rather 
than to provide answers. 
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Ken went on to explain the problem set grading process. Graders were to meet 
with gradees to collect problem sets sometime later in the first day, and at that point 
graders would discuss with gradees when to exchange problem sets in the future. Grading 
of problems on the problem sets consisted of checks, check plusses, and check minuses, 
equating to "good," "excellent with great conjectures," and "in need of more work" 
respectively. Problem sets were created to be too long to complete in the time allotted, so 
teachers were required to choose which problems to pursue. Teachers would not be 
penalized for not completing problems, and they would be encouraged to go back and 
work on different problems from previous problem sets. Ken said problem sets would be 
returned within 24 hours with commentary, hints, and suggestions. He suggested that 
graders should be continually discussing a gradee ' s individual progress with him or her. 
Ken then went over the Progress Guidelines handout, which described the 
standards by which participants would be graded. Grades were considered to be more 
measures of mathematical progress, and this handout outlined several areas in which the 
counselors were looking for growth and what that would look like. This handout was 
described as a "work in progress," and it stated that it was not intended to be an 
exhaustive list, in fact leaving space for recommendations and for changes. Five areas 
were covered in the handout (Numericals, Logic and Proof, Exploration, Habits of 
Thought, and Depth of Thinking) each with levels 1-4 accompanied by bullet points of 
items that described the area at that level. Themes stressed in all areas, according to the 
handout, are 
• Quality over quantity 
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• Depth over breadth 
• Asking questions and making conjectures 
• Good use of language 
• Independence of thought 
The big idea of the course was summed-up in the last sentences of the 
introduction to the handout as "In all of this, what matters most is the personal and 
professional growth that we gain from working together on significant mathematics. 
Have fun!" 
Problem set structure. Problem sets would be a central feature of the program 
and daily activity, and these problem sets differed from those seen in a typical classroom. 
After discussing the grading and the Progress Guidelines, Ken discussed the basic setup 
of the problem sets. Each problem set contained sections called "Numericals" and "Prove 
or Disprove and Salvage if Possible (PODASIPs)," and each problem set would also 
include problems under various other headers, including "Exploration" and "Reading 
Search." Numericals were computational problems considered "food for thought" to 
work through and gain an intuition or a "feel" for what was going on or how 
operations/systems/rings/etc. worked. Ken mentioned that this section would probably be 
the focus for most First Years, although some might choose to focus on PODASIPs. Ken 
explained that each PODASIP statement had to be evaluated to determine whether it was 
true or false before it could be proved or altered and then the new altered statement 
proved. While not all teachers would work on all or even some proofs, deciding whether 
they believed a statement to be true or not would be a valuable exercise in itself. 
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Exploration problems in the problem sets explored ideas at a more abstract level 
than Numericals and Reading Search problems helped teachers acquire vocabulary and 
make sense of terms such as "What is a Mersenne prime? Give four examples of 
Mersenne primes" (Problem Set 1 ). Other types of problems would show up on problem 
sets, but the greatest concentration of problem types would be Numericals and 
POD AS IPs. 
Following all of the presentations on problem sets and grading, teachers were 
itching to get to work on the day' s problem set. A few last logistical announcements were 
made. Teachers needed to submit problems they had received in the mail as a part of a 
research study, and they needed to complete a belief survey for that same study. I 
announced this dissertation study, discussed permission forms, and handed them out. A 
PROMYS administrator reminded everyone again of the forms to hand in, and the 
teachers were released to head to the work room. 
Teachers'VVorkday 
Participants had to decide a schedule for their day and determine what problems 
to work on. After the orientation, there was no set program schedule for the day, and no 
explicit instructions on what to do. There were no set breaks, no time designated for 
lunch, and no closure at the end of the day. Participants were given Problem Set 1 with 
the guidance that they would probably want to work on the Numericals, but there were no 
particular problems that were assigned to be turned in the next day. It was up to 
participants to select problems to pursue, to determine how much time to spend on any 
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given problem, and to structure their time in the program. 
The room in which the teachers worked had a tall window along the wall opposite 
the entrance overlooking the Charles River. On the wall to the left of the door was a wall-
length whiteboard, and on the opposite wall were two whiteboards with markers spaced 
apart. Eighteen tables were set up in pairs to make nine table groups in three rows of 
three with four chairs at each group, along with extra chairs around the room for use by 
counselors. 
Ella and Sharon had stayed slightly longer at orientation to sign consent forms for 
these case studies. By the time they arrived at the room, around 11 :50am, many of the 
pre-service First Years had taken seats with one another, as had others who knew each 
other. So they took a seat together at a table on the side of the room with separate 
whiteboards; I sat near them. They sat down, took out their writing utensils, paper, and 
calculators, and introduced themselves to one another. They discussed their schools for a 
minute before Sharon said, "So, what are you .. . you started on that already?" 
Their first task was to consider how to approach the problem sets. Unlike what is 
typically seen on many mathematics assignments, the problems were not arranged by 
increasing difficulty and none of the problems involved practicing a procedure, 
exemplified during lecture. Ella had already started working on the first problem under 
the heading of "Numerical" when Sharon asked if she wanted to go over results from 
Problem Set 0 before beginning work on the day's problems because some of the 
numerical exercises were similar. For example, Problem Set 1, Problem 9 (PS1P9) read: 
Using division to base seven, write N = (34652)7 to base two, to base five, to base 
eleven. 
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Problem Set 0 Problem 1 (PSOPI) and Problem Set 0 Problem 2 (PSOP2) read: 
PI: Let N = 32701 to base ten. Write N to base two, to base three, to base eleven. 
In the last case, introduce the new "digit", T = 10 if necessary. 
P2: Without a change of base, (a) add (6153)7 to (3455)7; (b) subtract (2346)7 
from (4354)7; (c) multiply (632)7 by (435)7; (d) divide (5602)7 by (43)7. Here 
the base seven is throughout. 
Ella and Sharon shared their approaches with one another, and then a Second 
Year, Jake, took a seat at the table and they moved on to new problems. Ella asked Jake if 
he was working on "number one" or if he was starting on the numerical problems (which 
did not start until PS 1 P9). He said he was starting with the Numericals. Ella began asking 
Jake about his method for this problem because while she had done PSIP9 and thought 
she had the answers, she had not done the problem using the method asked for in the 
problem. Jake explained that he was doing it in the manner asked, and Ella said that 
perhaps after he had finished the problem, he could "teach [her] how to do it." Ella went 
on to work on her own, but Sharon pressed Jake to share his method with her before she 
tried it on her own. She wanted to know his "thought process," and he discussed it 
briefly. 
Sharon and Jake discussed their work with each other on and off for a while, and 
Ella mostly worked alone or with the help of a counselor who stopped by the table. 
Though light-hearted in her commentary about it, Sharon was displeased when they had 
been in the workroom for about an hour and neither she nor Jake had completed their first 
problem. Jake informed Sharon that she would quickly fmd that there is not enough time 
to do the problem sets. Sharon shared that her coworker who had attended PROMYS for 
Teachers previously had explained the disconnect between the amount of work presented 
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and the amount of time needed to complete it. She knew this would happen, but it was 
still somewhat frustrating. 
Though no breaks were scheduled, participants began taking them when they saw 
fit to do so. Sharon, Ella, and Jake continued to work and check work with one another 
periodically. Jake and Sharon finished PS1P9 and moved onto PSlPlO, as had Ella. After 
about two hours in the workroom, Sharon and Ella decided it was time to break for lunch 
since no set time was scheduled. Sharon left for lunch while Ella had her lunch with her 
and continued to sit at her desk and do work. Other participants had followed similar 
patterns, deciding when to take lunch based on when they needed a break from work, 
some leaving in groups to go get food while others ate their lunches in the room or found 
benches outside to sit and eat. 
After Sharon returned from a 40-minute lunch, Ella and Sharon continued 
working on problems and checking in with each other and with Jake. After another half 
hour, Jake left to attend a session for Second Years. The two women worked by 
themselves and with counselors who would stop at the table periodically. Sharon started 
social conversations with people passing by the table, and this occurred with greater 
frequency as it got later in the afternoon. 
After finishing the Nurnericals and the Reading Search problems, Sharon and Ella 
decided to look at the PODASIPs. Ella struggled with understanding the idea behind the 
PODASIPs. The idea that a statement that was false could be salvaged into one that was 
true by altering it in some way, was new to her. Despite Ella's difficulty with the concept 
of salvaging, eventually she and Sharon went through each PODASIP on Problem Set 1 
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together and decided whether they thought they were true or false without writing proofs 
or salvages. 
Then, they looked at the Exploration problem, PS1P2. Ella said she had no idea 
how to approach this problem. Sharon told her they could always come back to those 
problems another day. Sharon also repeated the idea that not every problem would get 
done. Sharon asked if Ella was going to write up what she had done that day at home, and 
Ella said she had done all she could do and would just go home and relax. 
Just after 4:30, Sharon worried about getting a parking ticket and began packing 
up. Tired from the workday, Ella also got ready to leave. Individuals and groups in the 
workroom packed up at different times between 4 and 5, some needed to catch commuter 
trains back home, others lived within walking distance. The room emptied out slowly 
until the last participants and counselors closed up at 5 o'clock. There was no end-of-day 
summary or closing activity as might be expected at other professional development 
programs. 
That night, Sharon went home and worked on the PODASIPs. She completed 
three proofs and worked on two others. Ella did as she said and went home and relaxed. 
Section 4.3 The First Half 
In this section, typical experiences and interactions of the case study subjects are 
described. In particular, the lecture experiences and the ways participants engaged with 
mathematics are discussed as well as the personal effects of the intensive mathematics 
immersion on the participants in the PROMYS for Teachers program. 
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Lecture 
Lecture was a time where the teacher participants shared a learning space with 
high school participants. This offered teacher participants the opportunity to observe the 
characteristics of high school participants in the program and their interactions with 
Professor Stevens. However, not all teacher participants were clear about the role of 
teacher participants in the lecture. Teacher participants were learning the mathematics at 
the same time as the high school pruiicipants, but teachers such as Sharon were unsure if 
lectures were a time for them to interact with Professor Stevens and to ask questions or if 
it was a time to merely observe students do so. 
Ella and Sharon noticed and laughed about some of the high school students who 
attended lecture. One in particular seemed to sleep through lecture but would still 
contribute at times. They joked that he would appear completely asleep but then suddenly 
answer a question Professor Stevens asked the participants. Another student always 
seemed to have something to say. Ella and Sharon wondered what it was like to teach 
those kinds of students in a regular classroom. Sharon said in an interview that she liked 
"having lecture with the students. I'm just absolutely awed [by] the way some of them 
think." 
Ella was frustrated with one pedagogical strategy she saw Professor Stevens using 
with the high school students. "One time people started asking him things, and it's that 
they were wrong, wrong, and more wrong, and he allowed this thing to go on forever," 
something that frustrated Ella. She didn't know why he would let students go down the 
wrong path for a while before setting them on the correct path. She had wanted him to tell 
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the students the correct path as soon as they veered off from it. 
Sharon had noticed approaches Professor Stevens used with the high school 
students and felt that he was engaging with teacher participants differently during lecture. 
During the first two weeks, Sharon had raised her hand and interactively participated in 
lecture a few times, both to answer questions and to ask them. She felt Professor Stevens 
had a good way of letting down students who did not respond with the information he 
was looking for without making them "feel foolish." However, Sharon felt he did not do 
the same for teacher participants. She "felt kind of shut down one time," and she thought 
that there were other teachers who felt that they "shouldn't have said that or done that" 
after offering commentary in lecture. Sharon wondered if it was because she did not 
know him as well or have the same relationship with him that the students did. Because 
of this, Sharon felt she did not know what the teachers ' role was in lecture, whether it 
was "as a student [or] as an observer." She had started to "bite [her] tongue" and not 
respond or ask questions in lecture when she had wanted to. 
Experiencing mathematics as a dynamic field 
The program created an environment where participants were encouraged to 
engage with mathematics as a dynamic field , where mathematics was to be explored and 
discovered. The problem sets were constructed to push participants to work with 
mathematics in a non-linear fashion, and most teachers returned to problems repeatedly 
over the course of a day and over many days. The problem sets provided numerical 
explorations which enabled pattern-finding and generalization for participants such as 
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Sharon, though not all participants engaged with the problems in this manner. Counselors 
were actively engaged in guiding participant work, encouraging pattern-finding and 
conjecture-making. Despite discouragement from the program and counselors, 
participants used technology to assist in problem completion. Some used calculators and 
computers to address errors in hand calculation or to create large sets of numbers to find 
patterns, but Ella used it instead to avoid the problem-solving she had been asked to do. 
The problem sets were constructed in a manner that required participants to 
approach mathematics as non-linear and interconnected. Sequential problems did not 
necessarily build on one another, nor did they necessarily increase in difficulty. 
Participants did not receive instruction in solution methods, and so daily problem 
completion was a cyclical event for Ella, Sharon, and the teachers they worked with. 
Most of the participants would start problems and come back to them periodically 
throughout the day, moving onto new problems when they felt stuck or confused and 
returning later when they had help from a peer or a counselor or had come to a realization 
while doing another problem. Often, a single Numerical would be returned to several 
times, sometimes taking four hours to complete. 
While participants would cycle through problems on that day's problem set, they 
would also return to previous problem sets, connecting similar-looking problems and at 
times conceptually related problems. Participants were often unable to complete even the 
Numerical section of problems in a single day, and so they would select problems to 
pursue. Problems that had not been attempted on the day the problem set was assigned 
were sometimes returned to days or weeks later. In some cases, when a participant was 
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challenge by a new Numerical problem or was considering a PODASIP, a fellow 
participant or a counselor would point to related problems from previous problem sets. At 
other times, the participant would recall a problem that looked similar or contained a 
related idea from a previous problem set and returned to it. This process was encouraged. 
Not only were the problem sets created to be highly interconnected across 
problem sets, they were built so that participants could find patterns working with small 
numbers and small sets of numbers. They would then use those patterns to make 
calculations with larger numbers, and then conjecture the general relationship. On Week 
1 Day 2, Sharon and Ella were working together on Problem Set 2 Problem 9 (PS2P9). In 
Sharon' s work, seen in Figure 4.3 .1, she left spaces that showed a pattern she noticed. In 
U 1 s, she noticed the gaps in the outcomes and a pattern between them (Week 1 Day 2 
audio recording). She had listed all the numbers from 1 to 15 in a column, and the 
numbers for which she could not find solutions were all multiples of three or five, both 
factors of 15. For U1 s, she also listed the numbers 1 to 18 in a column, and she noted that 
evens would not have solutions. As she talked through the problem (Week 1 Day 2 audio 
recording), she told herself that this would then work the same for multiples of three 
because both two and three were factors of 18. She used this in her next example but kept 
the visual spacing to see the pattern, and then she abstracted the pattern to a conjecture 
using some mathematical language, "dim no multiple of d will work." Her numerical 
work in U 1 s enabled her to see a pattern she then used in U 18, and she then conjectured a 
general relationship that would be true of all unit rings, Um. 
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Not all participants engaged in the process of gathering data and then applying 
generalizations, however. When Sharon noticed the pattern among Urn, she told Ella that 
Ella did not need to check the elements that shared divisors with the modulus, that she 
could skip them. In her work, seen in Figure 4.3.2, Ella followed Sharon' s direction while 
working on U1s and skipped writing the entries for 3, 5, 6, 9, and 12. She did not notice a 
pattern. Her lack of understanding behind this procedure was seen as she began working 
on P9. In P9, participants were to find a generator for the unit groups. Ella had attempted 
to generate the unit group with non-units (i.e. 3 in U 1s). Sharon noticed Ella doing this 
and told her to stop using non-units. "Doesn't it just make sense?" Sharon said, baffled at 
Ella's lack of conceptual connection to what Sharon had just shared with her. Again, Ella 
followed Sharon's direction and quietly went back to work with a new rule to follow. At 
this point, Ella did not engage in problem solving and was applying procedures and rules 
to come to a solution without seeking to make connections. 
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Figure 4.3.2 Ella's work for Problem Set 2 P9 
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Counselors worked to guide participants to engage in problem solving and 
inquiry. Counselors asked questions understood by participants to be guiding and 
directive. Counselors would come over when flagged to help but would also on their own 
choose to come and sit with teachers. In the latter case, they might ask the table "How are 
things going?" and solicit questions from participants. Counselors often asked questions 
that indicated what type of exploration Sharon and Ella should pursue. Whether it was, 
"Does it work when you try 1 0? Why doesn't 10 work?" or "These two ideas are asked 
about in tandem, is there a connection?" the participants were aware that these questions 
were in some sense directive and indicative of how to approach the problem sets in 
general. 
Sharon thought she could tell the difference between those counselors who were 
mathematics graduate students and those who were in-service teachers. She felt that with 
some of them, she had to stop them and tell them to talk to her in "English, not math," 
and those were the graduate students. However, she was still willing to reach out to them 
when she needed help. She felt there was one counselor in particular, whose identity she 
did not disclose, who avoided working with her, and two other participants, but she found 
all the other counselors to be helpful. 
Participants did not always appreciate the input from counselors. Because 
counselors were not direct in their guidance in how to solve problems, participants 
sometimes felt they did not have the direction they needed to make progress on a 
problem. In one instance, when another participant discussed a problem with Sharon, he 
said, "A counselor told me to think some more. So I thought some more, then I thought I 
120 
should [work on some other things instead]." He did not know what he was supposed to 
"think" of, so he moved to working on another problem instead. 
Counselors did not always know the correct or most efficient way to approach 
some of the more difficult problems so ~ad to model and engage in problem solving and 
working with others to come to a solution. One counselor, a graduate student in 
mathematics, jokingly said, "I'm very disappointed in myself' when he could not think of 
an efficient solution method. Instead, he continued to work on the problem with the 
participants and also asked other counselors and participants about their strategies. 
Counselors were also assigned as graders for particular participants. Ella's grader 
was a graduate student in mathematics, Anil. Anil returned Ella's problem sets daily with 
few written comments. Ella felt that if she had any questions, he would answer them for 
her. She said she liked "to think of [herself] as being kind of easy to deal with." Anil was 
aware of Ella's weak mathematics background, and when he worked with her, he focused 
more on her understanding what she was doing rather than on the technicality of her 
writing. 
Sharon' s grader, Anthony, was also a graduate student in mathematics. Anthony 
frequently worked with Sharon when he was working in the workroom, and he would go 
over her problem sets with her regularly. Because of Sharon's stronger mathematics 
background and greater fluency with content, Anthony was fmstrated that she chose to 
complete few proofs over the first two weeks. He also noted that she was not going 
beyond problems and did not offer conjectures when they were not requested in the 
problem. While she had been making connections, he felt she was capable of more and 
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was pushing her to do so. 
Technology was a tool participants used to support their progress with the 
mathematics, though the counselors generally discouraged its use . For example, the use 
of calculators was somewhat discouraged in the program, though not forbidden. 
Participants were told they should try to calculate by hand so that the calculator wouldn't 
"have all the fun." On Day 1, Sharon lamented the lack of computers. Likewise, Ella 
began complaining about the lack of computer use in the following days. Sharon came to 
repeat back to Ella what she had been told, that the point was to drive them to think of 
how things worked to create less work for themselves. Undeterred, by Problem Set 5 Ella 
was turning in printouts of spreadsheets she had made at home for some of her problems. 
She used the spreadsheets to find solutions and not to search for patterns. 
Ella used various technologies to help her solve problems on the problem sets. 
She started spending hours outside of the program, both working on problem sets using 
Excel and looking up terms and symbols from the problem sets online. Using 
spreadsheets enabled Ella to find solutions and later to look at numerical patterns without 
having to check for arithmetic errors repeatedly. However, by looking up some things, 
Ella found and used conclusions the problem sets had been designed to help her discover. 
This was why the program asked participants to refrain from using technology to find 
solutions. 
Over the first weeks of the program, participants are asked to use experience to 
build and refine an inventory describing the Integers, and Ella attempted to use 
technology to streamline the process. The intention of the problem sets was for 
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participants to gain experience by solving Numerical problems and through this 
experience develop an "intuition" about how the Integers work. They then were to 
formalize their intuitive sense of patterns and relationships into a description or inventory 
of the Integers, and finally, guided by the numerical connections, they were to use basic 
properties to prove more complex properties about the Integers. However, Ella found an 
inventory of the Integers on the Internet, a listed description of the essential properties of 
the Integers from which all other properties can be proven. Ella submitted the inventory 
she found with her problem set, and used it to (incorrectly) prove other properties about 
the integers. In essence, her access to what would have been the final product of weeks of 
work meant that she did not recognize patterns within Numericals nor make connections 
between Numericals. As such, she earned check-minuses for her proofs and was 
instructed by her grader, Anil, in the notes on her graded problem set to come up with her 
own inventory based on her experiences. She did not complete more proofs after this 
until she began reviewing for the midterm, and continued to struggle to develop a 
description of the Integers from her work with them. Ella had a great deal of trouble 
approaching mathematics as something she could experience, explore, and create, and the 
counselors of the program tried to direct her away from using technology so that she 
might better engage with the content in this dynamic way. 
The program provided many opportunities for participants to engage with 
mathematics as a dynamic field, to find patterns and examine relationships across 
problems and problem sets. The problem sets were constructed to encourage these 
practices, and counselors were on-hand to guide participants to engage in this problem 
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solving. Sharon did not miss a beat in approaching the problem sets in this way, but for 
most of the first half of the program, Ella continued to approach the problem sets as 
solutions to be calculated and procedures to be followed. 
Experiencing mathematics as a social endeavor 
Participants were encouraged to work with one another when working through the 
problem sets. During the first half of the program, this frequently manifested as solution-
checking and error-checking. Ella and Sharon worked with a group of mostly in-service 
teachers, though Ella often worked on her own. Sharon tried to work with some of the 
younger program participants but felt unwelcome. Sharon felt most productive when 
working with a pre-service student, Scott, because she felt he would engage with her 
mathematically and help develop her understanding, something more than just checking 
her answers. 
Much of the mathematical work was done while sitting in groups. Ella and Sharon 
worked with various people throughout the first week, but by the second week they 
settled working regularly with three other in-service teachers Carl, Artis, and Liz, and 
also with Scott. The particular grouping of the six members was flexible and changed 
daily based on attendance, arrival times, and other obligations. Ella spent the last day of 
the first week working at a separate table by herself and would on occasion sit with other 
groups. At times, the noise of the room was too much for Ella, and she moved out into 
the hall to work alone in quiet space. 
Much of the mathematical interaction of Sharon and Ella with other participants 
over their problems was either checking solutions, checking work in progress, or 
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explaining definitions or procedures with which they were unfamiliar. The error checking 
of steps within Nurnericals was important because teachers struggled to see patterns if 
there were mistakes in their work. Calculation errors were common, even among the 
highly skilled mathematics teachers using calculators. 
Sharon was eager to engage with others mathematically, and found herself 
somewhat limited by the other in-service teachers she was working with. She tried over 
the first couple weeks to work with people at various tables, in particular with the pre-
service students, but she felt unwelcome. She felt they were more concerned with their 
grade than with helping someone else (Week 2 Day 1 Interview). After trying to work 
with other groups, she settled into consistently working with the group of mostly in-
service teachers. However, when he sat with her group, she worked mostly with Scott, 
who was particularly mathematically strong. 
Though all of the in-service teachers working with Ella and Sharon shared various 
pieces of advice about teaching with Scott over the first few weeks, Sharon took a 
particular interest in him. She was very appreciative that he would help her and the rest of 
the teachers who had not been students of mathematics for a while, and she told him that 
would serve him well in the classroom. In one instance, Sharon expressed to Scott that he 
had an advantage over his peers because "you're willing to stop, take a minute, explain 
your thinking, see if you can figure out where I'm thinking, which is a really good trait to 
have." Sharon was happy to have someone who understood the mathematics well who 
she could work with to better understand it herself. 
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Personal Effects of Intensive Daily Immersion in Mathematics 
The intensive study of mathematics for eight hours each day had effects beyond 
the program day. Participants reported mental fatigue following the program day, and 
Ella even said she experienced sleep disruption because she felt it took her mind so long 
to unwind from the day. Participants often continued to work on problem sets outside of 
the program. Sharon found that the eight-hour day was good because she needed time to 
get into the problem sets, but this was difficult to keep up outside of the program. By the 
third week, Sharon and Ella continued to work outside of the program but decreased the 
frequency and amount of time they spent on the coursework at home. 
The program was mentally fatiguing and affected participants during the workday 
as well as at home. As the participants grappled with the problem sets, they took breaks 
throughout the workday. Often the first break was for lunch at around noon. Other than 
going out to eat, teachers would walk the halls, go over and stare out the windows, or go 
outside of the building to a park bench to sit. Ella complained that the high level of 
thinking affected her sleep, at one point saying to her tablemates, "I'm so tired that I want 
to sleep but I can't sleep because my brain can't rest. It takes me, once I start, it takes me a 
really long time to clear my mind ... It's that, I'm having the worst sleep, and I know it's 
because of this." Sharon also discussed with her peers how exhausting the program was 
and that it was "mind numbing," also saying in an interview that she was "brain dead by 
the end of the day." 
Participants had a particularly strained experience over the first two weeks 
because of scheduling. Monday of the first week was July 4, and class had not been held 
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due to university closure. However, the program was designed for five days a week and 
so participants attended on Saturday of the first week. This left only a one-day weekend 
between the first two weeks. The second week was further complicated for Sharon who 
had to miss Thursday to attend a fiiend's funeral. She had said her emotional state had 
affected her work that whole week, but missing a day also made catching up difficult. So, 
in the few days before midterm review, Sharon was trying to cover more material than 
her peers. 
The intensity of the workday and its associated fatigue were extended because 
participants often continued to work on problem sets outside of the program. Both Sharon 
and Ella worked on problem sets outside of the program. Initially, Sharon expressed 
concern about the amount of work she felt would come as the program became more 
difficult, saying "The amount of work and what's going on, that terrifies me. And 
balancing that with home responsibilities has me concerned." During the frrst week, they 
were both spending 2-3 hours every night on the problem sets, but by the second week, 
they began to give themselves a break. As it got later in the program, Sharon felt she 
needed more time to be able to "get my head wrapped around what I'm doing," and so if 
she did not have a long period of time to be able to work on the mathematics, it was not 
worth starting. It was because of this time she felt she needed to get into her work that 
she said she appreciated the immersive structure of the program, but taking it home was 
taxing. 
Sharon said she took the advice of some Second Years and decided not to push 
herself too much at night. However, she would still spend an hour or two, rewriting 
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solutions or cleaning up her work. Sharon felt okay about that because the participant she 
carpooled with, Carl , would leave his work in the car and not touch it at all outside of the 
program. Ella stopped spending so much time looking up things outside of class because 
she felt less of a need to try to understand everything, "I'm not going to learn everything, 
or most of it, but I'm comfortable that I am learning something meaningful and the desire 
to master everything isn't there anymore." 
In this section, the experiences of Sharon and Ella in the first half of the program 
have been discussed. The lectures provided an opportunity to observe the precocious high 
school students of the PROMYS program, but the interactions with Professor Stevens 
during lecture left Sharon wondering if she was there to observe or participate. Ella 
struggled with understanding how or why to explore mathematics, and her weak 
mathematical background greatly affected her access to the content. On the other hand, 
Sharon wanted more opportunity to explore and wished she had more people around her 
who were as engaged as she was and who could help her enhance her own 
understandings. Both Sharon and Ella engaged with other participants as well as 
counselors on the mathematical content. The intensity of the program cause Sharon to 
feel "brain dead" at the end of the day, and the mental engagement ofthe program even 
affected Ella's sleep. However, both participants continued to work on problem sets 
outside of the program because they felt it was important. 
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Section 4.4 Midterm 
Here, the midterm, participant preparation for the midterm, and case study subject 
performances on the midterm are discussed. Participants ' concerns about the midterm 
were high; they started asking about the exams as early as the first few days of the 
program. During the week of the midterm, participants were given a thorough 
explanation of the exam structure, grading, and expectations in order to enable them to 
prepare. 
Composition of the Midterm 
The midterm in 2011 consisted of 31 questions: nine Reasoning or Rigor Proof 
problems, nine PODASIPs, 10 Numericals, and three Miscellaneous. Rigor Proofs were 
those proofs from the problem sets that are expected to be done with every single step 
listed and justified using properties from the shared Inventory, such as 0 • a= 0, '\Ia E Z. 
All statements listed in the Rigor Proofs section were true and only need be proven. 
PODASIPs were structured the same as they were on the problem sets and may have 
been false as written. These problems did not require the same level of detail as the rigor 
proofs, but they were still proof problems. POD AS IPs were identical to or differed only 
slightly from those on the problem sets. The 10 Numericals were also identical in 
structure to those on the problem sets but with different numbers. Miscellaneous 
problems explored concepts related to the problem sets. The teacher participants took the 
same exam as the high school student participants, but the teachers were permitted to use 
calculators on the exam while the high school students were not. Because of this, the 
numbers used in the Numericals on the exam were meant to be manageable for faster 
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calculations. 
The Rigor Proof and PODASIP problems of the midterm were structured in an 
ascending order. In any proof, a participant could use the statements above it (or a correct 
salvage) as a justification for a step. For example, when completing the proof for P9 on 
the midterm, P7 of the midterm could be taken as true. No credit could be taken off for 
not having completed the proof of P7, even if that may have been the bulk of the work for 
the proof for P9. This is one way in which the exam stressed the importance of making 
connections even if the writing of the proof was difficult for a participant. 
Given that many teachers only complete a handful of problems in an entire 
workday, the 31 problems were not designed to be completed during the two-hour 
administration of the midterm. Rather, the exam was explained as a "multiple choice" 
test, where the participants choose which problems they wanted to solve to show what 
they knew. Each problem was worth 10 points, and problems from one section were not 
valued over those from another. There was no point goal or total points that the test 
would be taken out of for a percentage grade. Indeed, no letter grades would be assigned 
for the exam. Participants would be evaluated on an individual basis, focusing on the total 
points earned out of points attempted and on the perception ofthe counselors as to 
whether or not an individual teacher was pushing him or herself with the problems she or 
he selected or if the participant stayed within his or her comfort zone for the exam. This 
would be based on growth in reference to the grading guidelines discussed and 
distributed at the orientation. 
While collaboration was always encouraged in the workroom, the midterm was an 
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individual assessment where teachers sat at individual desks in rows in a room set-up 
much more like a traditional classroom. 
Midterm Preparation 
For the two days before the midterm, the participants were given Practice Test 1 
Parts 1 and 2 rather than new problem sets. Practice Test 1 Part 1 (PT1P1) was given on 
Week 3 Day 3 and, like the midterm, it did not contain any new material. The problems 
on PT1P1 were set up with the exact same structure as the midterm, the top section 
focused on Rigor Proofs, followed by sections on PODASIPs, Numericals, and 
Miscellaneous problems. PT1P2 gave more problems that were similar in theme to 
PT1P1 but only included section headers for Numericals and PODASIPs. Proof problems 
were identical to or slightly modified from those problems participants had seen on the 
problem sets or in lecture, and the Numericals were the same though with different 
numbers. This was the first time in the program participants were asked to repeat 
identical procedures to those they had already done. 
Sharon said that, despite what they had been told about showing what they know 
on the exam, she did not want to practice things she already knew how to do. She had 
worked relatively little on proofs during Week 2, but she worked with Scott on proofs to 
prepare for the midterm. However, on the second day of midterm preparation, Sharon 
focused exclusively on Numericals. Her plan going into the midterm was to do a couple 
of proofs and several Numericals. 
Sharon took a relaxed perspective going into the exam. She had talked to her 
coworker who had participated in the program before, and she felt she was less stressed 
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than her coworker had been. Sharon felt like she cared less about the grade than other 
people did. She wasn't looking forward to the exam, but she was also sure that she could 
find five or six problems she could do. She didn't know if she could do more than that, 
but she summed up her feelings with, "Whatever happens, happens." 
Ella's approach to the midterm differed from Sharon's. Ella told her grader, Anil, 
that she had done Numericals and was going to work on "easy proofs." She told him she 
was not stressed about the exam at all, and he left shortly afterward. However, five 
minutes later, as she discussed which proofs she might attempt on the exam with Sharon, 
Ella expressed that she still struggled with the format of proofs, "It'd be so much better if 
you could write a paragraph of exposition." 
Her goal was to do two "easy" proofs and then to do four or five numericals. She 
would assess which numericals could be done with the least amount of work in the least 
amount of time and she planned to do those problems, "The thing is that ifthere's a nice 
little formula way of figuring it out, that's easy." She was happy to share this plan with 
her fellow participants, but she was slightly embarrassed by it. Even in looking at a proof 
with the PIT coordinator, Ella had decided the problem required too much work for her, 
but stopped at saying, "See, I'm looking to figure out. .. " so as not to say she was looking 
for only the easy problems in front of Ken, the program director. 
The three proofs Ella successfully completed in preparation for the midterm were 
done with the help of counselors, and two of the counselors had Ella use numerical 
examples to guide her writing of the proof. 
The day before the midterm, Carl and Artis, two other PIT participants, discussed 
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with Ella how being in the program had given them greater empathy for their students. 
After half-jokingly claiming her goal for the midterm was "not to cry," Artis said, " I 
think this class has built up [my] sympathy for my students," and Carl responded, "No 
kidding, right? It' s been a while since you felt, you know, completely lost." Ella argued 
that, regardless of whether it was PIT or her own mathematics class, there was no point in 
being emotionally attached to exam scores. 
Ella thought about the exam in a way that relieved her from having an attachment 
to its outcome. From the beginning of the week, Ella was not worried and analogized the 
circumstance to great debt, 
You know, if I had a debt of a couple thousand dollars, that's just 
something that I know that I'd be really worried about 'cause I could 
actually pay this back or I could create a plan to do something to solve it, 
but now, if someone said, "Okay, you owe a million dollars or two million 
dollars," it's like, I'm living as good as ever, 'cause it's that I know there's 
no chance in doing that. So this is how the thing today--the thirty question 
thing--it was like, I'm not saying this, it doesn't mean I'm not going to try 
my best, it's just that I realize that there's got to be an amazing curve or 
something. 
Ella felt that since it would be impossible to do everything, she would happily do what 
she could and felt would be acceptable. 
Midterm scoring 
Sharon attempted 10 ofthe 31 problems on the midterm, two Reasoning or Rigor 
Proofs and eight Numericals. She received full credit for eight of the problems and was 
only docked one point on one of her proofs. Both proofs attempted were those that she 
had completed on Sample Exam 1 Part 1 and had gone over with Scott. One was a nearly 
identical statement to a conjecture Sharon had sketched a proof of during week 2. The 
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Numericals Sharon did on the midterm were all like those she had done in the two days 
prior, including one Ella taught her to do on the first review day. The Numerical for 
which Sharon received only two points out of 10 involved the topic she chose to study the 
afternoon before because she was "not so good" at it. In her exam booklet, Sharon wrote 
across the top of that Numerical, "Started but realized I have a concept gap so didn' t 
finish." 
Ella only earned full credit on three of the nine problems she attempted. While 
she attempted the same two Rigor Proofs as Sharon, and had worked on those with 
counselors on the first day of midterm preparation, Ella received only one point out often 
on one of her proofs and no credit on the other. She was unable to complete one and 
lacked both rigor and reasoning in the other, unwittingly using the conclusion of the 
proof in her proof. The proof that Ella had felt very comfortable from the review work 
with was not on the exam. 
Ella received full credit on Numericals like those she had studied and done 
successfully on problem sets. On two problems, she missed points for errors that were 
conceptual, not calculation errors. For one problem, she continued to use her old method 
of solving the problem and not the method Professor Stevens had used in lecture the day 
before and that she had spent time working on in the workroom. Ella received 3 points on 
each of two Numericals she did not complete. 
In this section, the Midterm exam and the midterm preparation and scoring of Ella 
and Sharon were discussed. The midterm was set up so that participants would be able to 
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choose which problems they would like to attempt in order to "show what [they] know." 
Sharon chose to study problems she had not spent much time on during the program thus 
far, feeling confident about the material she had done. Her strategy was successful as she 
performed well on the problems on the exam that were like the problems she chose not to 
study. She did make mistakes on problems involving content that was new to her, but 
overall, her scores reflected her beliefs about her content knowledge. Ella felt confident 
that she would be able to do enough problems going into the midterm, but her scoring 
indicated she was very procedural in her approach to the problems and lacked conceptual 
understandings. 
Section 4.5 Analysis 
In this section, I provide an analysis of some elements of the first-half experience 
of the two case study subjects. I analyzed interviews from both participants for themes 
and found topics that were shared by both case study subjects as they described their 
experience in the program. The themes determined by this process were used in this 
analysis. 
Ella 
Mathematical confidence, knowledge, and skill. Ella lacked confidence in her 
ability to do mathematics and expressed this openly to those around her. Throughout both 
her interview and her discussions with other participants and counselors on the first day, 
Ella repeated the ideas the she was "not a math person." She also frequently prefaced her 
articulation of her mathematical thoughts by saying they were "intuitive" but she couldn't 
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prove them, and that she was "just guessing" at times. 
Ella' s difficulties with mathematics were not limited to number theory. She 
expressed during an interview that she had difficulty teaching her Algebra II courses. She 
said that she would have to sit down with a book before some lessons to teach herself, "in 
teaching, lots of times it's--or especially when the higher level classes--at times I am a 
lesson or two ahead of the students" (Week One Day One Interview, 2011). She was 
clear that her weak background in mathematics, not just higher-level mathematics, would 
make it difficult for her to ever achieve at high levels in the program. During her initial 
interview, she said she knew she would be struggling to try to "be the top ofthe bottom," 
to be the best of the students with the least background in mathematics. Ella did not seem 
to be frustrated by the idea but had rather accepted that this was going to be her 
experience. She laughed when she discussed it. 
Ella's numerical work during the first week was, as she put it, "brute force and 
not elegant at all ," and that set a trend for the first half of the program. Ella spent a great 
deal of time finding solutions to particular problems; she rarely noticed connections 
among problems or emerging patterns. With her focus on solving individual problems, 
she tended not to see the underlying structure to groups of problems. Ella said she knew 
she was struggling. However, while she felt there was "no beauty" in the way she was 
doing her Numericals, she believed she was making connections. She was proud of what 
she had accomplished by the end of the first half, claiming she was concerned at the 
beginning of the program that she would not be able to do as much as she had done. Into 
the third week she felt "things started to click a little more." She felt she was making 
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progress. 
The language, symbols, and concepts proved difficult for Ella. She felt she 
understood more of the lectures by the end ofthe first week than she had at the 
beginning, but she also had a tough time with the "very technical language." She felt that 
she "speak[s] math very poorly," and while she could see relationships, she had a hard 
time mentally holding onto them in order to articulate them. When she worked on 
problems with other participants, she often nodded through their explanations and then 
retreated to work on the problem on her own, trying to understand the ideas. When she 
explained her work to her classmates, she mostly explained the procedure she had done 
or how the steps she followed were like the steps in another problem. She did not 
articulate conceptual underpinnings, and she had difficulty following her peers' 
justifications when they relied on conceptual explanations. 
By the time she took the midterm, Ella could complete proofs that were guided by 
numerical example, though she still had difficulty with the language. Some missed 
connections from her Numerical work continued up to the midterm, where a grader asked 
on a problem, "Could you have found a more efficient method using [structure]?" 
Working and coping strategies. While Ella lacked confidence in her 
mathematical skill, she was confident in her process for learning the mathematics content. 
She knew she would take time to process new ideas, and she was willing to take small 
bits of information from conversations and then retreat to think about them on her own. 
Ella was comfortable doing things she felt would enable her to be more successful with 
her work, whether it was asking someone she didn' t know for help or leaving the room to 
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be alone. She told people she needed to stop talking with them so she could think about 
things first, and she turned away counselors when she felt she was not ready to talk. She 
took care of her own learning needs. 
Ella worked on problem sets outside of the program, nights and weekends. She 
spent time working on problems, but she also used the Internet to look up terms and 
symbols and Excel to produce large calculations. She believed from the beginning that 
she would need to supplement her learning in the program in order to keep up with her 
peers, and she was amenable to doing so. 
Connecting PIT to the classroom. Coming into the program, Ella knew very 
little about PROMYS for Teachers (Ella Week One Day One Interview, 2011). She knew 
it was mathematics rather than education focused, but she admitted she did not realize 
how different the culture would be from a typical mathematics classroom. Ella's belief 
was that PIT might help her better understand her Algebra II curriculum so she could 
make more connections for students. She felt that students saw the knowledge in her 
classroom as disconnected from one unit to the next, and even from one day to the next, 
"One of the issues, or one of the reasons that I'm doing this program is that a lot oftimes, 
it seems like each day you're doing something different and it's not, or, when you're 
teaching, okay, there ' s this topic, this topic, this topic and this topic and there's no 
connection." She felt she did not know the Algebra II material well enough to teach 
lessons to develop the connections and hopefully make the content interesting to the 
students. 
Ella did not think that the pedagogy used in PIT had any place in the high school 
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classroom, She did not believe that weaker students could engage in inquiry and 
discovery learning. She felt that her middle-level Algebra II students might be able to do 
more, but her lower-level students needed the basics: "In the low-level class, it's kind of 
like shoveling or pushing them towards an idea [rather than asking guided questions]." 
She felt this was particularly true for algebra. She had only taught Algebra and Algebra 
II, and thought the visuals of Geometry might give weaker students more access. Even 
when she used inquiry with her stronger students Ella said, "it is a great way, but it's also 
time-consuming, which is a major constraint in teaching." 
Though Ella compared herself to her weaker students several times in her initial 
interview saying, "I have no knowledge. It's like "okay, what?" and every night I'd be 
playing catch-up to just trying, not even to keep up! Be a decent level behind ... Because 
it's that I understand that, for many of my students in school. .. they realize they can't 
keep up." However, she also expressed difficulty understanding their perspective. She 
said she often felt "one problem is enough" to show students how an idea works, but that 
she knew students would not understand the idea given only one problem. Ella's belief 
that a single demonstration should enable students to understand a procedure may 
indicate why Ella repeatedly tried to conjecture relationships from a single problem rather 
than trying to find a pattern over multiple examples. 
Overall, Ella's weak mathematical background affected her confidence and her 
approach to the problem sets. She struggled with the idea of exploration and how to make 
use of it in building understanding. She worked on problem sets outside of the program 
and turned to technology in order to help her survive the program. She did not feel that 
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this learning environment nor the pedagogy of the program would have an impact on her 
classroom. 
Sharon 
Mathematical confidence, knowledge, and skill. Having taught applied calculus 
at her high school, Sharon said in her initial interview that she felt comfortable with 
advanced mathematics. However, she saw herself as someone who applied mathematics 
and was not interested in the theory: "I think it's why I'm better off teaching concrete, and 
when I start trying to teach beyond that I can get frustrated and I'm not as good at it. I can 
come up with a whole lot of different ways to do something, but the theory behind it is 
often, I don't care enough to do it." She said she loved statistics "because you get 
formulas," but she felt she was not really a mathematician because she was not good at 
proof and also was not interested in the reasons why things worked. Yet, she appeared to 
enjoy making mathematical connections, and that was evidenced when she exclaimed 
how "cool" several findings were as she worked through the problem sets. 
Of the five in-service teachers who regularly worked together, Sharon, Ella, Liz, 
Carl, and Artis, Sharon was the most comfortable with mathematical language. She was 
quick to use symbols and abstractions in her conjectures. While she asked for help in the 
level of rigor needed for her proofs, she understood the arguments she was trying to make 
and how to communicate those ideas for the basic proofs she was attempting. Though she 
did not complete many proofs in the first two weeks, in the third week when studying for 
the midterm, Sharon focused on a few proofs she felt were doable, and she completed 
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them handily as her first two problems on the exam. 
While she told her tablemates to practice Numericals they were familiar with in 
order to do them well on the midterm exam, Sharon focused her midterm studying on 
problems with which she was less comfortable. Sharon was confident going into the 
midterm exam that she would be able to complete a couple of proofs and several 
Numericals, so she spent her time developing her abilities to complete more challenging 
problems. Her exam reflected that she had a strong understanding of earlier work, as the 
only Numerical she attempted on the exam that gave her trouble was the one where she 
had only begun learning about similar problems the day before. Sharon was aware that 
she did not yet know enough to complete the problem, and noted it on her exam. 
Everything else she knew how to do and did well. Sharon was very aware of her 
capabilities going into the exam. 
During the first half of the PIT' s program, Sharon felt like she was not able to 
learn as much as she wished she could. She repeatedly expressed to Scott (a pre-service 
teacher) that he had an advantage because he was "much closer to the actual having done 
math here than I am." She did not consider the mathematics she was doing in her 
classroom to be "actual" mathematics, and she felt that those students who had recently 
been in advanced mathematics courses, regardless of their different format, would be able 
to pick up more mathematics during PIT. 
Even with her self-doubts, Sharon felt as though working in this program revealed 
that she "probably could have done pure math if I had been inclined, but I went into math 
teaching because it was my life lesson." She had been intimidated by the mathematics 
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department she studied in as an undergraduate, but she felt comfortable working with the 
mathematics graduate students in PIT. She felt as though if she had not been at the school 
she attended, perhaps she might have ended up in mathematics, not mathematics 
education. Overall, she felt that while "every once in a while I feel like a complete and 
total idiot, I have these moments of ' Oh wow, maybe I'm not."' 
Working and coping strategies. When Sharon did not understand a problem or a 
term, she quickly asked someone around her or called out to a counselor. Several times, 
she used her phone to look up definitions or what she thought was the meaning of a 
symbol on the Internet. Throughout the day, she reached out to counselors or to Jake, the 
Second Year at her table, to figure out what to do. Though the information was readily 
available to her when she sought it, Sharon thought it was unfair that participants were 
being asked to do Numerical problems where they had not been explained a procedure for 
doing them. 
Sharon kept her work organized in a way that enabled her to better notice 
patterns. For example, on PS9Pll part a, "Find all x in Zss which solve the equation 15x 
= 35 in Zss," Sharon started calculating 15x mod 55 for x between one and 22. She 
organized her solutions into a list, boxed the lines where the solution was 35, and noted 
that the products started repeating/cycling (and with her humor, also noted, "pattern 
repeating!!! DUH"). Once she noticed the products repeated in cycles of 11 , she checked 
and noted "Add 11 to each" on her problem set. She kept one column on the page for her 
"thoughts." Her "thoughts" from this part of the problem enabled her to extend the ideas 
to the second part of the problem and then conjecture a general relationship. 
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Throughout the first half of the program, it seemed that Sharon yearned for 
someone to work with who was on her level, socially and mathematically. In an 
interview, Sharon said she liked working with Ella but that she wanted to find other 
people to work with, for "professional development," in a way that I interpreted to mean 
that Sharon wanted to work with someone who was faster at processing the mathematical 
ideas. On the first day, there was an incident where Sharon tried to explain her thinking 
about a problem to Ella, and Ella did not understand what she was saying. So, Sharon 
turned to the other person at their table and repeated her same remarks in an effort to get 
mathematical feedback. On another day, Sharon expressed disbelief when Ella was 
checking to see if non-units generated the unit group. To her, it "just makes sense" that 
only units would generate the unit group. When studying for the midterm, she was 
frustrated when her tablemates did not want to explore a problem they were all having 
trouble with. While Sharon did have many mathematical conversations with the teachers 
she worked with and liked them socially, it was clear she wanted more from her 
mathematical collaborations. 
Sharon had attempted to move around the room and work with other groups, but 
Sharon felt unwelcomed at many of the other tables. Sharon spoke strongly on many 
occasions about the pre-service students and how they seemed unwilling to work with her 
on her level, "They don' t have time to work with somebody that's not on the same 
thought process at the same time." She felt there was some kind of gap, "not sure if it' s a 
social gap or a knowledge gap" and "there's an unwillingness to bridge it, and not 
necessarily from our end." Sharon was clearly frustrated by what she felt was her being 
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shut out of working with others. She wanted to work with people who were more 
advanced and faster than her so that she could learn more, and she felt that the "younger 
teachers, or the pre-service," with the exception of Scott, were unwilling to help her. 
Connecting PIT to the classroom. Coming into the program, Sharon expressed 
in her interview that she did not think PIT would give her anything to take back to the 
classroom as far as teaching content or strategies because "If I teach the same things next 
year that I taught last year, I don't think there's going to be much that's brought back to 
my teaching." She was confident in her 25 years of teaching and that she was "fairly 
effective" and "a good teacher." She said she came to PIT "to get back in feeling like I'm 
doing something to make my mind think" and to immerse herself in mathematics and to 
enjoy doing mathematics again. Halfway into her first day during her interview, she was 
still of the belief that nothing much would be brought back to her classroom. 
In her initial interview, Sharon also stated she believed that, like herself, her 
students were not interested in proving things. In her applied calculus class, " I would say 
to them 'Okay, do you guys want me to prove this to you?' And they'd come look at me as 
ifl asked them if they want to eat bees. Uhm, and they're like 'Nooo ' and I said 'Alright, 
are you going to accept that this is the way it is the way it is, and we'll just use it. ' And 
they were fine with that." She felt that with her lower-level and weaker students she had 
to teach them connections and why and how things worked, but she thought that her more 
advanced students, like those in her calculus class, could learn from explicit classroom 
instruction on procedures for certain problems. She stressed that it was very important for 
her to ensure that the students had the correct answers to all the class and homework 
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problems, saying, "I always, I always make sure they have the answers to what they did." 
Calculating correct solutions and effectively using shortcuts was the focus of her 
instruction. 
Sharon said in her interview at the beginning of Week 3 that she had learned two 
content items that she would use in her classroom. She could not remember one, but the 
other was that the least common multiple of two numbers could be found by multiplying 
them and then dividing by their greatest common factor. When she found that in her work 
on a numerical, she noted that she could not believe she had never realized that before. In 
discussing this during her interview, she said she had become accustomed to telling her 
students to just multiply the two numbers together to find a common multiple rather than 
going through the trouble of teaching them the process to find the least common multiple. 
She felt this would be simple enough to share with her students. 
For the pre-service teachers, Sharon saw other opportunities in the program. 
When Scott wondered how the program was supposed to be useful to him as he studied 
and prepared for becoming a teacher of mathematics, Sharon told him that she had 
already observed him using the skills of listening and trying to communicate 
mathematical ideas so that others could understand them. Sharon also told Scott that, 
despite what his peers were doing, the program should be advantageous for pre-service 
teachers because they could find experienced teachers to connect with and tum to for help 
once they had a classroom of their own. She felt the program should be an opportunity to 
develop those kinds of relationships because she felt they were necessary. She told Scott 
the most important thing for a first-year high school teacher was to have a mentor and 
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people to go to with questions. She hoped he would take advantage of this. 
Sharon also told Scott what she felt she was getting out of the program for her 
classroom. Beyond any pedagogy or content, Sharon told Scott that, "Bluntly, [it's] 
making me feel like I'm going back to something I like doing." Sharon felt like she was 
enjoying the doing of mathematics, something she had hoped to get out ofthe program. 
As far as her teaching, she said the program was "kinda making me think, do I want to try 
[exploration] a little more? It's a little bit more work, but once you've got it down, it's 
there." She felt like the exploration of mathematics would be more work with her 
students, but she could see the benefits. As a veteran teacher of 25 years, she said she was 
still willing to try new things in the classroom, and PIT made her think about how to 
incorporate more exploration. 
In summary, Sharon felt good about her own ability to do mathematics, but she 
had a hard time finding people to work with who she felt would push her to improve. She 
engaged with the mathematics through the pattern-finding and exploration laid out in the 
problem sets, though she felt the mathematics she was doing as a part of the program was 
distinct from the mathematics of her classroom. Sharon reached out for help when she 
needed it, despite having felt burned early on by other groups she had tried to work with. 
Initially, she did not see that the program would offer much for her classroom, but by the 
middle of the program, Sharon had come to see the program as helpful for both pre-
service and in-service teachers. 
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Summary 
In this chapter, I have introduced the case study subjects, the PROMYS for 
Teachers program, and have reviewed typical experiences and interactions by the case 
study subjects during the first half of the PIT program. Ella entered with a weak 
mathematical background and struggled with the content. However, she worked 
consistently and allowed herself to process information in small chunks. She related her 
experience to her own weak students. Sharon had a much stronger mathematics 
background but struggled to find a place where she fit both socially and mathematically 
within the program. Initially, Sharon did not see connections between PIT and her 
classroom, but with time, she found a few elements she might bring back to her 
classroom. In particular, she contemplated whether it would be worthwhile to bring more 
exploration to her teaching. In the next chapter, the case study experiences ofthe second 
half of the program are discussed. 
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CHAPTERS 
CASE STUDY OF THE PROMYS FOR TEACHERS EXPERIENCE: 
THE SECOND HALF 
This goal of this research is to investigate the PROMYS for Teachers (PIT) 
experience and its effects on teachers. As a part of this investigation, two case studies 
were done. Chapter 4 described the experiences of two participants, Ella and Sharon, in 
the first half of the program. This chapter discusses their experiences during the final 
three weeks of the program, following the midterm exam and leading up to the final 
exam. Section 5.1 reviews case study participants' reaction to their midterm scores. 
Section 5.2 introduces a new workroom and the differing reactions ofElla and Sharon. 
Section 5.3 will describe general practices and interactions that occurred during the 
second half of the PIT program in 2011 , and Section 5.4 describes the final exam, 
participant preparation for the final exam, and the outcomes of the final examination. 
Section 5.5 provides analysis of the experiences of Ella and Sharon in the second half of 
the program. 
Section 5.1 Midterm Returning and Case Study Reactions 
On the last day of Week 3, participants took the midterm examination. Ella had 
focused her studying on "easy" problems. Sharon had been confident going into the 
midterm that she could adequately display her understanding of the content. The Monday 
following the exam, Ken, the director ofPROMYS for Teachers, met individually with 
teacher participants to go over their midterms and their progress in the program. Though 
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participants selected the problems they wanted to complete on the exam, Ella did not do 
well on most of the problems she chose. Her errors were more conceptually-oriented, 
ones she should have caught if she understood how a procedure worked rather than just 
what the steps of the procedure were. Sharon, on the other hand, received most of the 
points she had attempted on the midterm exam. 
In an interview, Ella expressed that she was not happy with her midterm grade, 
but she tried to focus on the idea that "it's a test; it' s not your worth." Her score was what 
she had expected. However, she was upset that during the exam she had struggled with 
things she felt she had known. She compared herself to her students whose grades she felt 
did not match their level of understanding, and she said she tried to help her students and 
their parents see past their scores. For herself, she said, " [My midterm score] still hurts, 
you can' t help but hope. But everything is okay. I'm trying." 
Sharon thought she had performed well on the exam, so her score was not 
unexpected. She primarily attributed doing well to the fact that she "know[ s] how to 
study." She said she did problems like those on the problem sets and studied a couple of 
proofs and "lucked out" that they were on the test. She also said that the review she 
completed outside of class was more helpful than what she did in class. 
Section 5.2 The Second Room 
On the Monday following the midterm, after seeing the midterm scores of some 
participants for whom there was concern, there was a decision at a counselor meeting to 
open up a "section" to be led by Natasha, a counselor who was also a secondary school 
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mathematics teacher. Counselors had been concerned about several individuals for some 
time, but the midterm exam provided evidence that something needed to be done to help 
those individuals better engage with the content. Some counselors thought that this might 
help others as well, not only those who were struggling. The new "section" transformed 
into an entirely separate workroom, known as the Second Room. Initial impressions from 
participants varied. While Sharon said she did not want to move to the new room for 
practical reasons, she also believed the Second Room to be for mathematically weaker 
participants. Ella, on the other hand, was happy to have a place to work where she did not 
feel alone in her struggles with the mathematics. 
The originally planned "section" was to last for a few hours in the morning after 
lecture in another building where a classroom could be scheduled. The Section was to 
help participants who felt they needed more help, and there was no planned structure. It 
was to be left up to Natasha' s discretion and participant need. The new Section was 
announced Tuesday after lecture, and several participants Natasha had already spoken to 
went over. However, while Ken had only intended for participants to attend for a couple 
hours, when the time was up, the participants elected to stay and work with one another. 
The participants requested that the second room become permanent. A second room was 
made available every day, though the rooms used were located in a different building 
from the original workroom because of university scheduling. 
Sharon elected to stay in the original workroom. She said it was because she was 
"comfortable where I was and wasn't going to go ... I'm just too much a creature ofhabit 
to feel like switching." However, there was another sentiment about the second room that 
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likely had an effect on Sharon's decision. Sharon's frequent working partner, Liz, had 
asked Ella about the second room, and Ella's laughing response was, "Well, it's for the 
remedial." 
Because Ella had formed a relationship with Natasha during the first half of the 
program, Ella had been approached by Natasha and moved to the second room from the 
first day it opened, Week 4 Day 2. In an interview, Ella discussed how in the original 
room, when someone would explain something, it would be "like Charlie Brown's 
teacher to me," and then, she felt their reaction to her was, "Well, don't you get it?" She 
said that even though she liked working alone, "probably more than most people do ... 
there's only a certain amount of stupid that you're willing to accept, or to feel." In the 
second room, Ella thought that most of the people were open to asking for multiple 
explanations, and that people did not feel bad when they needed more time for things 
because other people did, too. Ella liked the new room, "it's comforting knowing that 
these other people are having their own issues that are similar to mine ... I just hate being 
the dumb person (laughing)." 
Section 5.3 Working and Social Patterns of the Second Half 
The typical interactions and experiences of the case study subjects are described. 
Three main themes of experiences in the program are highlighted, as they were in 
Chapter 4. Those themes are experiencing mathematics as a dynamic field, experiencing 
mathematics as a social endeavor, and personal effects of intensive immersion. 
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Experiencing Mathematics as a Dynamic Field 
Participants continued experiencing mathematics as a field of inquiry and 
examination in the second half of the program. Ella came to seek out patterns, make 
conjectures, and attempt proofs of statements she found to be true through experience. 
Sharon, however, began to struggle with content and felt she lacked support during Week 
4 and the beginning of Week 5, causing her to limit her exploration. Both Ella and Sharon 
spent less time returning to previous problem sets because of the length of time spent on 
Numericals in the second half. In Week 6, though, the program was structured to enable 
time to return to old problem sets. Counselors continued to act as facilitators of 
discovery, though new grader assignments affected how Sharon and Ella interacted with 
the mathematics of the second half. Ella was pushed to refine her language and improve 
her communication of ideas, while Sharon lacked feedback and so limited her progress. 
In her first day in the Second Room, Ella went up to a counselor excited about a 
conjecture she came up with from her own numerical experimentation in zlF-2 J. While 
she continued to work on mostly Numericals throughout the second half of the program, 
Ella also did a great deal of independent numerical exploration to try to understand 
relationships. She continued to use Excel to generate large data sets to help her seek out 
patterns. With the guidance of her counselor, she began to produce more explanations of 
her work in the second half than she had in the first half. One counselor referred to Ella 
as being the "most improved" over the program. 
Near the end of that same day in Week 4, Sharon conjectured a relationship after 
working with two counselors and Ryan, a pre-service teacher. Then Scott, the pre-service 
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teacher with whom Sharon had worked so much during the first half of the program, told 
her how several other ideas were related, going all the way back to Problem Set 0. Sharon 
was happy to see the relationships, even if she could not yet operationalize them; she 
announced to the table, "Ah, it all ties together. Oh my god. Baby steps, baby steps. 
You've got to learn all these pieces and then all the sudden, there is this huge solution. 
That's why I like sitting with [Scott]. He explains things." 
However, as Ella began to tap into the processes of exploration in mathematics, 
Sharon began to struggle with content. Like Ella in the first half, Sharon now found 
herself thinking things "make perfect sense, but I can' t necessarily explain. You see it, it 
makes sense, and it' s there, but still couldn' t tell you why." On top of Sharon feeling she 
had less mastery of the content, most of Sharon' s regular work partners, Carl, Liz, Artis, 
Ryan, and on some days Scott, had moved over to the second room. The day the second 
room opened up, Sharon stayed in the original workroom. She complained multiple times 
that the mathematics was "jumping down the stairs" too much for her. For example, 
problems that had been explored linearly were now being explored with quadratics, 
problems involving x2 + y2 now involved x2 + 2y2, and Sharon found this challenging. 
She also continued to have trouble with Gaussian integers and claimed it was because she 
missed the day where those were first explored in depth during Week 2. It was a full 
week after the Second Room had opened before Sharon moved over. Her initial 
observations about the room were that most of the in-service teachers had moved there 
and also that "people who aren't really, really strong in math, with maybe one exception" 
made up most of the participant population of the new room. Despite Sharon' s 
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insinuation that the PIT participants in the second room were generally mathematically 
weaker, Sharon stayed in the second room for the rest of the program. 
While Sharon and Ella continued to work cyclically within problem sets, 
returning to the same problems several times throughout the day, they spent less time 
returning to old problem sets in the second half of the program. During Week 5, both 
Sharon and Ella attempted one or two proofs, but they did not complete proofs. Each 
completed between two and five Numericals per day, one or two fewer than the number 
ofNumericals on the day's problem set. Ella continued to make arithmetic errors on 
Numericals that she did not catch. With only one exception each, neither Ella nor Sharon 
went back and did problems from previous problem sets. However, on Week 5 Day 4, 
both Ella and Sharon returned to previous problem sets. Ella made connections between 
similar numerical problems, and Sharon completed proof-like statements using 
assumptions she would have to prove but had not. 
More links to previous problem sets were made in Week 6. Week 6 had only three 
workdays because the final exam was on Thursday. On Week 6 Day 1, participants 
received Problem Set 24. PS24 had three Numericals and only 15 problems in total. Both 
Sharon and Ella completed the Numericals and went back to old proofs. Ella continued to 
work on proving that no solutions existed to x4 + y4 = z4, though she did not complete a 
proof. Ella generated many non-examples using Excel and developed several proofs 
about cases that need not be tried. Sharon went back to look at Problem Set 10, revisiting 
a particular problem she thought would help her to determine primes that could be written 
as x2 + 5y2 on Problem Set 22. Both made a number of connections across problem sets 
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in the final week. 
Counselors continued to play an important role in the second half of the program. 
While the director ofPROMYS for Teachers, Ken, had intended for Natasha to run the 
"section," counselors were circulating about the Second Room in the same way they had 
done in the original room in the first half. However, Sharon and other participants noted 
that certain counselors did not come over to the Second Room. 
Following the midterm, counselor assignments were changed so that all 
participants had a new grader. The graders were responsible for daily mathematical 
feedback and guidance, and without any input as to who one might prefer, new 
assignments were made by Ken. Ella's new grader, Keri, was very different from her 
first-half grader, Anil. Keri left far more comments on Ella's problem sets, many of 
which were questions asking Ella to make conjectures, connections, or extensions, such 
as "Do you have any conjectures?" "Do you think these two questions are related at all?" 
and "Do you think this always works, or just in Zn?" Keri also consistently made notes 
asking Ella to explain her work, writing things such as "What's happening here? Please 
explain!" and "What are these numbers?" Keri took a more active role in pushing Ella to 
explain, connect, and generalize. 
In an interview, Ella commented that Anil was less heavy-handed about making 
her explain herself or use correct notation. Keri was very direct, telling Ella that she was 
writing things incorrectly and explaining to her how to correctly represent relationships. 
Though Ella struggled with correct mathematical notation from the beginning of the 
program, Keri required that Ella use proper notation. Initially Ella had difficulty, but by 
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the end of Week 4, she was writing out explanations and making conjectures with 
mathematical reasoning. Though she was still receiving written correction and guidance 
from Keri, Ella began earning check-pluses on problems by the end of the week. Ella 
even went back to do a few problems from earlier in the week to write out her 
explanations. 
While Ella's new grader was helping Ella to push her mathematical boundaries, 
Sharon found herself with a grader that was not as active with her as Anthony had been in 
the first half. Sharon's second-half grader was Natasha, the counselor who worked 
closely with the participants in the second room, the second room where Sharon did not 
want to go. Notes on Sharon's problem sets during Week 4 indicated that Sharon needed 
to explain more, and it was written that they should "chat" about particular problems. 
This was a problem for Sharon, however, because she felt she never saw Natasha, and she 
did not feel as though they had talked about a single problem set during Week 4. In an 
interview, Sharon estimated she had spent perhaps 10 minutes total with her grader 
during all of Week 4. Sharon said that N atasha had talked to her the first day of Week 5 
to apologize and invite Sharon over to the second room. Sharon acknowledged that she 
might get more interaction with Natasha if she went over to the second room, but she 
preferred to stay where she was in the original workroom. Sharon did not indicate that 
interactions had improved when she moved to the Second Room. Natasha left for 
vacation the last week of the program, so a counselor Sharon had worked with several 
times before, Jesse, took over as her grader for Week 6. While Sharon liked Natasha, she 
felt that this was better for her because Jesse, like her grader for the first half, would sit 
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down with her and go over problems. Sharon's guidance from her grader on her problem 
sets was limited until Week 6. While all counselors are updated on the progress of each 
participant from the other counselors, the lack of consistent feedback from her grader left 
Sharon feeling frustrated for much of the second half of the program. 
Experience Mathematics as a Social Endeavor 
The Second Room transformed the social interactions around the mathematics. 
First, the layout of the rooms enabled participants to interact with each other in various 
formats . People could work at the board, in groups, or as individuals in the back, and 
participants could fluidly move between formats. Ella continued to work on her own 
mostly, but the work at the board enabled her to see the work others were doing, see their 
struggles, and engage with them over problems when she felt comfortable. The change in 
atmosphere was important to the individuals who moved to work in the Second Room, 
and in particular for Sharon. She finally had the working environment she sought in the 
first half where people throughout the room worked with one another. 
The layout of the Second Room affected how pmiicipants in that room interacted 
with one another. The classrooms used for the second room during the last three weeks 
were all set up similarly. They were long classrooms with carpeting and blackboards that 
had multiple, sliding panels at the front. Upon entering, there were rows of individual 
desks with attached seats, but the participants working in that room could rearrange the 
desks as they saw fit, unlike the long tables set up into groups in the original room. Some 
participants worked on their own in rows, others worked together in groups, and still 
others would work at the blackboard, experimenting and writing out work. Participants 
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would often go in and out of working in any of these settings within the room. 
Sometimes, a seated participant would become interested in work being done at the board 
and join in. 
In one instance, Sharon spent over an hour working on a Numerical at the board 
with a counselor. They went through two similar problems on different problem sets, 
problems dealing with multiple congruences in moduli that were not relatively prime. 
Sharon had always solved these types of problems two congruences at a time and was 
going over a method with the counselor that was more efficient. Carl came up for a short 
while to ask questions, and once he felt he understood the method, he went back to his 
group. Sharon then attempted the method again on a made-up problem to test her 
understanding of the method. Jenny and Jean, a pre-service and an in-service teacher 
respectively, came up to the board to ask questions. Jenny had used a similar method and 
was trying to understand the connections. After Sharon finished her made-up example, 
she walked Jean through the solution to the problem she solved earlier as she solved it on 
the blackboard again. Jean had also not known the method before, and so she learned it 
while Sharon went through it a third time, this time entirely on her own. Then, Sharon 
and Jean sat down with Jenny to write up the solution to the problem. 
Once they were done, Artis joined the group to work more problems, and Carl 
joined the group later, taking Artis's seat once she left for the day. Various groups within 
the room worked on different problems and worked with various counselors who stopped 
by. When people finished working on problems, they would check their solutions with 
others, sometimes stopping for an explanation. Participants who did not know how to 
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approach certain problems would ask about them, and those who did know offered 
guidance. Everyone in the group was at some point an authority and at other points in 
time in need of help. 
It was not necessary to work in groups in the second room, however. Ella would 
spend nearly the whole day in the back of the room working alone or one-on-one with 
counselors or with Scott. Ella participated in some of the louder social conversations that 
occurred over the room, but she remained silent unless she wanted to join in the 
conversation. At times, she would see people working at the board on a problem on 
which she had been working, and she would ask them a question or comment on what she 
had done. The workroom environment as well as the use of the chalkboard enabled Ella 
to see the work others were doing and to go in and out of mathematical conversations in a 
way that was comfortable for her. 
Participants who worked in the Second Room felt the social atmosphere change 
was essential to their greater interaction with the mathematics. Near the end of the 
program, a conversation between Ryan, some other participants, and Ken, the director of 
PIT, started toward the back of the Second Room. It was a conversation about why the 
people in the second workroom seemed to like it so much more. Ken credited N atasha 
with being encouraging, but several participants discussed that there was more going on 
and that not everyone was always a fan ofNatasha's. The loud voices carried, and as 
Sharon's group was wrapping up their work, Sharon and Jenny started discussing their 
thoughts between the two of them. Jenny said, "The other room scared me" because some 
people were "not nice" and she did not feel comfortable asking questions. She mentioned 
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that there had been an incident with a counselor who made her feel "dumb when they 
walked away." Sharon said she had not had that problem with counselors but she had 
encountered other participants who were unwilling to help and made her "feel moderately 
foolish" and were "arrogant." The sentiment of many participants in the Second Room 
was that it was not okay to need help in the original workroom. To them, the participants 
who selected to work in the Second Room and the counselors who were willing to work 
in that room all contributed to making it a better learning environment. 
Sharon felt that the social environment of the Second Room enabled her to engage 
with the content in a way she enjoyed and felt successful with. Sharon felt she worked 
better with groups "bouncing ideas off of each other" and had lost that along with support 
from her grader during Week 4. In Week 6, Sharon was enjoying herself more and felt 
she was getting more out of the mathematics because of her work with her grader and her 
peers. By Week 6, Sharon had come to see the second room in the way Ella did-a place 
to explore mathematically without feeling "stupid," and a place where she could call out 
to others in the room "Hey, come play!" Sharon now felt that the people who migrated to 
the second room were those who were "willing to stop and explain" rather than saying, 
"What, you don't get it?" This was despite the fact that Sharon had treated Ella with the 
same incredulity several times during Weeks 1-3 . However, as Sharon noted in an 
interview, part of the second half experience was watching those participants who 
appeared stronger mathematically in the first half of the program "hit the wall with 
everyone else." 
One counselor' s impression of the second room was that "they're engaged with 
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the mathematics. Instead of following the lead of others, they were up at the board 
computing, conjecturing, and even proving. They could ask questions that they might be 
embarrassed to ask in the original workroom." The Second Room had become a place to 
explore mathematically without fear of embarrassment, a fear that had unintentionally 
been created by the mix of participant personalities in the original workroom. The social 
environment enabled both Ella and Sharon to explore mathematics in ways that 
challenged them but were also inviting to them. 
Personal Effects of Intensive Daily Immersion in Mathematics 
During the second half of the program, both Ella and Sharon limited the amount 
of work they took home with them. The program had been stressful enough that they each 
felt they needed to take more down time outside of the program. Ella felt guilty enough 
about not working as much outside of the program that she lied to her grader at one point, 
providing a false excuse for why she had not done more over a weekend. Sharon and Ella 
both felt an obligation to work outside of the program, but this was tempered with a need 
for relief. 
Both Ella and Sharon reported enjoying the program, however. Ella was surprised 
to find that she was having fun at "math camp," and Sharon said she felt the program had 
refreshed her love for the content area. They were both proud of the work they had done 
and intended to return to do more. 
In this section, the experiences of Sharon, Ella, and some of their peers in the 
second half of the program have been discussed. While Ella had been resistant to the 
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inquiry process during the first half of the program, she began to explore, find patterns, 
and conjecture in the second half. Sharon, while still open to exploration, struggled much 
more in the second half because the content became much more difficult and she had 
fewer supports. However, the experience of mathematics as a social endeavor was much 
stronger in the second half of the program as the Second Room enabled participants to 
interact with one another to a much greater degree than the original workroom. The 
intensity of the program had a cumulative effect on Ella and Sharon. They both continued 
to work on problem sets in the evenings and over the weekends but to a lesser degree 
than before. However, they also found themselves enjoying doing mathematics and 
becoming proud of their work. 
Section 5.4 Final Exam 
The final exam was similar in structure to the midterm and the problem sets. The 
notable exception was that the final exam, unlike the midterm, did not contain a section 
on Rigor Proofs. There were 29 problems on the final exam: 13 PODASIPs, 13 
Numericals, and 3 Miscellaneous. This section describes participant review for the final 
exam as well as the scores received. 
Study Strategies 
Practice Test 2 (PT2) was the sole 'study guide' given for the final exam. It was 
given out two days before the exam. On it, Ella completed nine Numericals and felt good 
about one PODASIP. As usual, Ella worked by herself for most ofher studying. The day 
before the final, Ella focused her review on some things she felt were important but had 
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not been on PT2. She thought it might be foolish, but they were problems from Week 4 
and so were part of the material from the second half of the program. She went back to 
make sure she could do problems she felt she could do, but she did not want to stress 
about it. The night before the exam, her plan was to watch television and relax. 
Sharon completed 11 of the Numericals on PT2 with other participants, and she 
also completed a proof. Despite being happy with her group preparation for the final, 
Sharon did not feel as confident as she had for the midterm. She wished the participants 
had received two practice tests, like they had for the midterm. Instead, on the day before 
the final , they received the very brief Problem Set 25, which was meant to leave time for 
review. She felt she knew how to study, as she did with the midterm, but the 
mathematical struggles of the half had affected her a great deal. She was resigned to the 
idea that she was not going to do as well on the final exam as on the midterm. 
Final Exam Scoring 
As with the midterm, there was not a point total goal for the fmal exam, nor was 
there a "passing" score or any letter grades associated with scores. Each participant 
received feedback only in relation to the problems she or he had attempted. 
Sharon attempted eight ofthe 29 problems on the final, this time all Numericals. 
However, she noted on the front cover of her exam that two of them were only "half 
hearted attempts," and she warned that "this was a bust. Have fun! " She received no 
points for the two problems she was uncomfortable with, and on two others, she received 
only two and four points respectively. She earned two sevens, a nine, and a 10 on the rest. 
Thus, on the six problems she attempted in earnest, she earned only 65% of the possible 
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points. On the very first page, she had crossed out part of a beginning attempt at a 
PODASIP, writing across the top, "The sad part is I did this yesterday." She was 
disappointed in her perfmmance before she had even submitted her exam. 
The problem on which she earned two points was similar to the problem she had 
spent over an hour working on with a counselor two days before. Rather than the method 
she had practiced, Sharon reverted to her previous method. She made an error she could 
not figure out, and on another page made a second attempt with the newer method. 
However, she mixed in an approach from her old method, did not know how to move 
forward with the problem, and as she wrote on the exam, she "[gave] up." On three 
problems, Sharon's errors were simple- she had not provided written reasoning. This 
combined with calculation errors accounted for all points missed on the remainder ofher 
exam. 
Ella attempted eight problems on the final as well, but she earned all 10 points on 
five of them. On the other three problems, she earned a nine, a seven, and a five, earning 
nearly 89% of the points she had attempted. This is a very strong performance on the 
final exam for any participant. The problem for which she received half credit was 
because of incorrect notation and insufficient explanation, skills she had struggled with 
but worked on a great deal, particularly with her second-half grader. Ella only attempted 
Numericals and not proofs. However, it is not uncommon for many participants to 
attempt only Numericals on the final exam. 
While it is tempting to attempt to place grades on these scores, Ella and Sharon 
had no way of knowing how these grades would affect their overall course grades, and 
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they did not receive their course grades for weeks following the program. From the 
beginning, the faculty of the program had asserted that grades were based on "personal 
and professional growth" rather than strictly on production. Sharon had interpreted this 
early on to mean, "If you work hard, you get at least a B." Neither Sharon nor Ella was 
concerned with their grade; they both believed they had put in the effort. However, Ella 
was concerned that she was still not strong enough to be invited back for the second 
summer. This concern was unfounded, but it indicated Ella' s personal perspective on her 
content mastery at the end of the program. Sharon had intended to return for a second 
summer as her coworker had done before. 
Section 5.5 Analysis 
In this section, I provide an analysis of some elements of the experiences of the 
two case study subjects in the second half. Themes found in the interviews and 
discussions ofboth participants across both halves of the program were used in these 
analyses. 
Ella 
Mathematical confidence, knowledge, and skill. Over the course of the second 
half of the program, Ella went from feeling the material was a "disjointed sieve of things" 
or "crap being thrown against a wall" to feeling that there was a purpose to the 
mathematics. She said in an interview that she could see connections even if she did not 
understand them entirely. During Week 5, she had submitted a problem set where she felt 
she had really understood the work she had done. However, she feared that she may have 
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been so wrong in her understanding that she did not know how wrong she was. But in 
Week 6, Ella was confident in what she knew how to do going into the final exam. She 
knew which problems she had mastered, and her only fear was that she would make 
calculation errors, something that frequently plagued her work. 
Ella was proud that she sometimes was able to understand the points Professor 
Stevens made during his lectures and have "brief moments where stuff makes sense." 
When discussing it in an interview, Ella continued to put herself down by saying that, "it 
was probably very simple for everyone else." Despite these feelings, Ella was excited 
about being able to use correct notation when taking notes and when writing up a 
problem, "It's a big thing for me!. .. It made sense!" 
Free of feeling as inferior as she did in the original workroom, Ella spent more 
time exploring mathematics and attempting more difficult proofs. She may have only 
completed a handful of small proofs during the second half of the program, but she was 
confident in what she did. She even surprised herself by how much she genuinely found 
the exploration interesting and enjoyed herself, "It's been fun! Who would have ever 
thought that I would have gone to math camp? Who would have thought that I would 
have thought math camp was fun?" Ella planned to return to PROMYS for Teachers for 
another summer. 
Working and coping strategies. Throughout the second half, Ella continued to 
work mostly by herself as she had done before. When she did work with others, she still 
worked mostly one-on-one, her stated preference from the beginning of the program. 
However, she felt more comfortable approaching other participants for help in the Second 
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Room, and she was able to see the work others were doing because of the work on the 
blackboards. She found it "comforting knowing that these other people are having their 
own issues that are similar to mine." 
It was not as though Ella found the second half of the course easy, though. After 
Week 4, she had been so stressed and exhausted by the program that she lied to her 
grader about having been sick over a weekend as an excuse to not work at home. She had 
done some work, but she did not feel it was enough and felt guilty about not doing more. 
Even as she went into the final, she chose not to study at home the night before the exam 
because she felt the stress would not be worth it. As she had expressed in Week 3, the 
program had even affected her sleep, and so as it went on, she spent less and less time 
doing work at home. 
Connecting PIT to the classroom. Ella stated emphatically in interviews in both 
Weeks 5 and 6 that she had gained empathy for her students. She did not think it was a 
purpose of the program, but she felt it would affect her teaching. As she struggled with 
not understanding concepts given two or three examples, she reflected on how her 
students felt in her classroom. She admitted that she had been frustrated and astonished 
by their inability to quickly figure out what she felt was obvious in the past, but 
experiencing the same process herself put it in a new light. She also noted that one of the 
major obstacles in her own work was calculation errors, something her students struggled 
with as well. Ella felt the program put her students' work into perspective for her and 
would make her a more empathetic teacher. 
167 
Overall, Ella came to see connections within the content of PIT, and she improved 
her mathematical communication skills. She was also able to engage in pattern-finding 
and exploration and to make mathematical connections through this process. She felt 
more relaxed in the second half of the program knowing that other participants were 
struggling, too, and she took from the program that she should have greater empathy for 
her students who struggled. 
Sharon 
Mathematical confidence, knowledge, and skill. Sharon's confidence waned 
over time as her understanding of the material decreased. In Week 3 at the end of the first 
half, she began struggling with the content. In Week 4, she found herself having 
difficulty with the content and she was also without the supports she had had in the first 
half. Her typical group mates had moved to the Second Room and her new grader gave 
her little feedback and did not review the problem sets with her. Initially, Sharon did not 
want to go over to the new room because the perception was that the room was for those 
participants who were mathematically weaker or who lacked mathematical ability. She 
attempted to cover this by saying that staying in the original workroom was merely due to 
her being a "creature of habit" and not wanting to move. After a week, she finally moved 
to the Second Room using the excuse of needing to see her grader but then deciding to 
work with people in the room. 
The lack of peer and grader support in Week 4 as well as the rapid increase in 
difficulty of content affected Sharon for the rest of the program, both in the content she 
covered and her confidence in working on that content. From the beginning of Week 5, 
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Sharon said she was less confident about the final than the midterm, and she continued 
being less confident through the final week. She noted in an interview that she was in part 
behind on the material because she lost several days where she wasn't working 
effectively with others. The importance of her work with her peers was revealed in her 
use of the word "we" in her final interview when discussing preparation for the final 
exam. Sharon spoke of how "we could do 11 of them solid" and "we just did a proof." 
When she spoke confidently about going into the final, it was in the context of work she 
had done with other participants. 
In the end, she went into the final with a "Whatever I get done, I get done" 
attitude. However, she ended the program with an intention to come back the following 
year because she felt there was more to be done and more that she could do. 
Working and coping strategies. Sharon did not want to believe that she was 
having a more difficult time mathematically than the other participants. She had been 
frustrated throughout the first half of the program when she tried to reach out to other 
groups. She felt they were unwilling to work with her, and that they made her feel 
"somewhat foolish" for not understanding a problem. Sharon was so bothered by those 
early interactions that when she struggled with the material at the beginning of the second 
half, she did not seek help from others when her typical working partners left the original 
workroom. Furthermore, she did not want to move to the other room because of what it 
might imply about her capabilities. Sharon only moved to the second room under the 
pretense that she needed to talk to her grader about her problem set, which she announced 
to those who were listening. She then said she might as well stay because her work 
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partners were in the room. Still, she implied openly in conversation with her peers that it 
seemed the people who were not as strong in mathematics were those who had migrated 
to the second room. 
After adapting to the second room, Sharon changed her framing of the situation. 
She came to feel that those who migrated to the second room were people who were more 
willing to work with others or to explain ideas and procedures multiple times for the 
benefit of another's understanding. The second room enabled Sharon to successfully 
engage in these practices. She actively called out to others to "come play" in the second 
room, and she regularly joined the mathematical conversations of others to ask questions 
or offer her interpretation. Once in this environment and working within it, Sharon was 
much more confident and enjoyed her work more. It seemed she was able to see the room 
she was working in as being the superior room to work in. 
In the second room, Sharon engaged with various fellow participants in groups as 
well as one-on-one, and she also worked with counselors. She often repeated back 
reasoning, or could be heard later in the day explaining the same problem to someone 
else. As she had done for the midterm, Sharon made up new practice problems for herself 
to ensure she understood how to find Numerical solutions and why certain methods 
produced solutions. 
As with Ella, Sharon had been working at home less on the problem sets, though 
she did continue to use her calculator and list functions to minimize calculation errors. 
Connecting PIT to the classroom. In her final interview, Sharon said that PIT 
had met her expectations of getting her to think about and enjoy doing mathematics 
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again. She had some thoughts about things she wanted to "integrate" into her classroom. 
She felt it would be a lot of work, but she liked some ideas. The one thing that was on her 
mind that she discussed was the format of the exams. She wanted to include an 
assessment that was truly "multiple choice" as the PIT exams were and would enable 
students to show what they knew and feel good about it. In the context of her vocational 
school, she felt that this would "help kids go to college and not war," but she noted, "it's 
all a work in progress." 
Sharon struggled much more in the second half ofthe program, and it affected her 
confidence in her mathematical abilities. However, while she had been comfortable 
asking for help before, once her central support group left for the Second Room, it was 
Sharon's own stubbornness that prevented her from moving and poor interactions from 
early in the program that discouraged her from seeking help from others in the original 
workroom. When she did move, the social atmosphere was crucial for Sharon's success 
within and enjoyment of the program. She finally encountered the interactive 
environment she had wanted from the beginning of the program. The program had met 
her expectations of enabling her to enjoy mathematics again. Sharon also saw potential 
for bringing elements of the program back to her classroom, though she was still thinking 
through how she might apply the changes. 
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Summary 
In this chapter, the experiences of Ella and Sharon in the second half of the 
PROMYS for Teachers program are discussed and analyzed. A separate study section 
was created in the second half to address disparities seen on the midterm exam, but that 
section became the Second Room at the request of the participants. In the Second Room, 
participants felt free to ask questions and seek multiple explanations from both their peer 
and counselors. Ella enjoyed this working environment much more than the one during 
the first half of the program, despite continuing to work alone most of the time. She 
became much more confident in herself. Sharon was hesitant to move to this environment 
because it was viewed as being for "remedial" participants. When she did eventually 
move, she felt the working environment was much more suited to what she had wanted 
from the beginning of the program. However, Sharon's hesitancy to move caused her to 
work for nearly a week without supports she had used throughout the first half, and this 
diminished her confidence in herself all the way into the final exam. 
In the end, both Ella and Sharon enjoyed their experience in the program, and 
they both intended to return for a second summer in the program. However, their beliefs 
differed in terms of what ideas they might apply to their teaching. Ella felt the program 
gave her greater empathy for her students, but she did not see how it would affect her 
classroom teaching. Sharon saw elements she could bring to her classroom, such as 
focusing on what students know rather than what they do not know, but she felt these 
ideas would a lot of work to implement. The next chapter explores the effects of 
PROMYS for Teachers on the task choice and implementation of teachers. 
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CHAPTER6 
ANALYSIS OF QUESTIONS 2 AND 3 
This study was designed to examine the effects of a mathematics immersion 
professional development program on the teachers who participated during the summer 
of2011. In this chapter, the second and third questions of this research study are 
addressed: 
2. Are research participants' choice of mathematical tasks for students or the 
implementation of those tasks affected by their beliefs and attitudes about 
mathematics, and does participation in PIT affect that relationship? 
3. Are research participants' choices and implementation of mathematical tasks 
affected by their participation in the PIT program? 
In order to answer these question, four different data sets were examined. Only 
responses from first-year or single-year participants were examined in order to eliminate 
the consideration of the effects of participation in the program for multiple summers. In 
Section 6.1, the analysis ofthe pre- and post-surveys ofPROMYS for Teachers (PIT) 
participants in the summer of2011 is presented. Then, in Section 6.2, the responses of 
program alumni to an open-ended survey about the effects of their PIT experience are 
examined. Section 6.3 presents the analysis of classroom lesson units from one of the 
case study subjects of this research. Examination of the final interview of a case study 
subject is presented in Section 6.4. The findings in relation to Question 2 are discussed in 
Section 6.5, and findings related to Question 3 are discussed in Section 6.6. 
173 
Section 6.1 Results from the Secondary Teacher Task Survey (STTS) and 
the Secondary Teacher Beliefs and Attitudes Survey (STBAS) 
Two different survey instruments provided quantitative data: the Secondary 
Teacher Task Survey and the Secondary Teacher Beliefs and Attitudes Survey. These 
surveys focused on teachers' task choice and implementation, and teachers' beliefs, 
respectively. The surveys were administered to PIT participants in the summer of2011. 
Secondary Teacher Beliefs and Attitudes Survey 
The Secondary Teacher Beliefs and Attitude Survey (STBAS) was used to assess 
participants' beliefs. Responses on these Likert-scale questions were averaged into scores 
for the three STBAS belief categories, "Teaching," "Learning," and "Personal Ability," 
as discussed in Chapter 3. The scores from both an administration at the beginning of the 
program and another at the end were used in the analyses. Nineteen participants 
completed both the pre- and post-program administrations of the STBAS. 
Secondary Teacher Task Survey 
The Secondary Teacher Task Survey (STTS) was created for this study. It was 
composed of 12 multiple-choice questions. Six questions asked participants to choose 
tasks given a lesson content topic. The other six questions asked participants to make 
instructional choices during the implementation of a lesson. In each case, the participants 
were asked to select their top two choices or to provide their own alternative. Responses 
were scored 0-4 using rubrics from the Instructional Quality Assessment (Boston & 
Smith, 2009), which were related to the academic rigor of the task as set up or the teacher 
expectations for academic rigor during task implementation. The six task choice question 
174 
responses were coded based on the IQA Potential ofthe Task (IQA-ARl) rubric, and task 
implementation question responses were coded using the Academic Rigor in Teacher' s 
Expectations (IQA-AR4) rubric. This survey was administered at the beginning ofthe 
program and again at the end, and both sets of responses were used in these analyses. 
Participant responses were averaged in the calculation of the participant response score 
for each question in order to enable inclusion of data from participants who only selected 
one response or who chose to write-in a response rather than select two. Twenty first-year 
participants responded to the STTS in both the pre- and post-administrations. 
Predicting Task Choice and Implementation Scores Using Beliefs Scale Scores 
In order to address whether participants' choice of classroom tasks and 
implementation of tasks was related to their beliefs prior to the program, an analysis was 
done using the Secondary Teacher Task Survey (STTS) and the Secondary Teacher 
Beliefs and Attitudes Survey (STBAS). Twelve standard multiple regression analyses 
were performed, one for each question on the STTS. The average IQA score ofthe 
participants' selected responses for each question on the STTS was set as the dependent 
variable, and participant scores on the three STBAS belief categories, "Teaching," 
"Learning," and "Personal Ability," were each independent variables. Analysis was 
performed using JMP. Because of the number of tests done using the same instruments, a 
Bonferroni correction changed the significance value top < 0.004. None of the models 
were statistically significant. The summaries of the multiple regressions can be found in 
Table 6.1.1. 
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Table 6.1.1 
Summaries of Regression Analyses Predicting IQA score of SITS questions by Belief 
Scale Scores Using Pre-test Administration. 
Number of Significance Question# R2 value Observations F-ratio (p-value) 
1 0.318 20 2.490 (0.097) 
2 0.131 20 0.806 (0.509) 
3 0.117 20 0.710 (0.560) 
4 0.061 20 0.346 (0.793) 
5 0.140 19 0.813 (0.506) 
6 0.167 19 1.069 (0.390) 
7 0.195 19 1.210 (0.340) 
8 0.067 17 0.313 (0.816) 
9 0.080 19 0.432 (0.733) 
10 0.121 19 0.688 (0.573) 
11 0.013 19 0.068 (0.976) 
12 0.044 18 0.217 (0.883) 
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Effect of PIT Participation on Relationship Between Beliefs and Task Choice and 
Implementation 
To evaluate effects of program participation on the interaction of participants' 
beliefs with their instructional task choice and implementation, 12 standard multiple 
regression analyses were performed using the STBAS and STTS. The average IQA score 
of the STTS question response was the dependent variable. Independent predictor 
variables were pre-post (PP) status, participant scores on the three STBAS belief 
categories, "Teaching," "Learning," and "Personal Ability," and three interaction 
variables created by taking the product of PP status with each of the belief category 
scores (e.g. PP*Teaching). Analysis was performed using JMP. As with the above 
analysis, the number of tests done using the same instruments called for the use of a 
Bonferroni correction, which changed the significance value top < 0.004. Of the 12 
questions, none of the multiple regressions resulted in statistically significant F -values, 
and none of the coefficients for the interaction variables proved significant. Thus, there 
was no evidence to support the hypothesis that participation in PIT affected the 
relationship between beliefs and task choice or implementation as measured by these 
instruments. The summaries of the multiple regressions can be found in Table 6.1.2. 
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Table 6.1.2 
Summaries of Regression Analyses Predicting IQA score ofSTTS questions by Belief 
Scale Scores, Pre-post Status, and Interaction Variables 
Number of Significance Question# R2 value Observations F-ratio (p-value) 
1 0.336 40 2.311 (0.050) 
2 0.294 40 1.889 (0.104) 
3 0.165 39 0.901 (0.517) 
4 0.223 40 1.314 (0.276) 
5 0.341 39 2.288 (0.053) 
6 0.128 40 0.672 (0.694) 
7 0.161 38 0.851 (0.555) 
8 0.170 36 0.849 (0.557) 
9 0.149 38 0.775 (0.613) 
10 0.301 38 1.903 (0.1 03) 
11 0.146 38 0.730 (0 .648) 
12 0.087 37 0.411 (0.888) 
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Analyses of STTS responses 
Two analyses were carried out on the data collected from the STTS. The first set 
of analyses was at-test comparing differences between participants' pre-survey and post-
survey scores for each question on the STTS. The second set of analyses consisted of chi-
square tests performed to measure differences between the distribution of responses on 
the pre- and post-surveys. 
STTS score /-tests. For each of the 12 questions on the Secondary Teacher Task 
Survey, at-test was run to compare scores between the pre-survey and the post-survey. 
This statistic was used in order to determine if participation in the PIT program affected 
participants' task choice or choice of implementation method. Task choice questions 
(Questions 1, 2, 6, 7, 8, and 11) were scored using the IQA Potential of the Task (IQA-
AR1) rubric, which measured the possible cognitive demand of the task on students. Task 
implementation question responses (Questions 3, 4, 5, 9, 10, and 12) were coded using 
the Academic Rigor in Teacher' s Expectations (IQA-AR4) rubric, which measured 
teachers' expectation of student engagement during the implementation of a task. The 
results of the t-tests showed no significant difference in the scores of responses on any of 
the questions, indicating that participation in the program did not affect the cognitive 
demand of participant task choice nor did it affect participant expectation of student 
cognitive demand during task implementation as measured by the STTS. The summary of 
these statistics can be found in Table 6.1.3. 
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Table 6.1 .3 
STTS Pre- and Post-Survey Paired t-test Means by Question 
t-test for Pre-survey Post-survey Degrees of Difference in 
score score Freedom Scores Mean Mean 
t-value (SD) (SD) (p-value) 
2.975 2.975 22 0.43 Question 1 (0.550) (0.678) (1.000) 
3.200 3.100 22 -1 Question 2 (0.410) (0.503) (0.428) 
3.625 3.550 22 -0.549 Question 3 (0.483) (0.605) (0.591) 
3.625 3.700 22 0.549 Question 4 (0.535) (0.470) (0.527) 
3.579 3.368 22 -0.295 Question 5 (0.507) (0.496) (0.163) 
3.000 2.925 21 -0.748 Question 6 (0.538) (0.654) (0.577) 
2.625 2.550 22 -0.157 Question 7 (0.455) (0.426) (0.625) 
3.088 3.059 18 0.718 Question 8 (0.441) (0.496) (0.718) 
2.868 2.895 20 1 Question 9 (0.226) (0.209) (0.578) 
2.711 2.684 20 0.295 Question 10 (0.346) (0.342) (0.749) 
2.944 2.806 19 -0.203 Question 11 (0.566) (0.572) (0.172) 
2.921 2.842 20 -0.81 Question 12 (0.187) (0.239) (0.187) 
180 
STTS Chi-square analysis. While t-tests indicated that participants' response 
IQA scores did not change due to program participation, the t-test analyses could not 
indicate whether or not participant~ ' responses were changing. It was possible that 
participants might have selected different responses that had the same IQA scores. A 
Pearson' s chi-square analysis was performed on each question to determine if the 
distribution of responses shifted between the pre- and post-surveys. Each of the 12 
questions on the STTS has six possible responses, a throughf, of which participants were 
instructed to choose two. Frequencies of each response on both the pre- and post-surveys 
were calculated. Participants who did not select at least one response on a question on 
both the pre- and post-surveys had their data omitted for that question for this analysis. 
This analysis resulted in no significant shifts in distribution of responses between the pre-
and the post-surveys. This could indicate that participation in PROMYS for Teachers 
affected neither task selection nor task implementation as measured by the STTS. 
However, the sample size might have been too small to detect a difference; the power to 
detect an effect size of one standard deviation with this sample size was 56%. The 
summary ofthese statistics can be found in Table 6.1.4. 
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Table 6.1.4 
STTS Pearson Chi-square Analysis by Question 
Question 1 
Response Item Pre-survey Post-survey x- p-value Distribution Distribution 
4 6 4.744 0.448 a (-.422) (.416) 
b 3 6 ( -.685) (.676) 
11 12 
c (-.105) (.1 04) 
d 1 0 (.721) (-.712) 
12 13 
e (-.097) (.096) 
f 8 3 (1.103) ( -1.089) 
Question 2 
Response Item Pre-survey Post-survey x- p-value Distribution Distribution 
4 7 1.091 0.955 a (-.640) (.640) 
b 12 10 (.302) (-.302) 
6 6 
c (.000) (.000) 
d 6 5 (.213) (-.213) 
12 12 
e (.000) (.000) 
f 0 0 (.000) (.000) 
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Table 6.1.4 (cont.) 
STTS Pearson Chi-square Analysis by Question 
Question 3 
Response Item Pre-survey Post-survey t p-value Distribution Distribution 
5 7 2.698 0.746 a (-.379) (.374) 
b 3 3 (.023) (-.022) 
12 9 
c (.508) (-.502) 
d 1 2 (-.395) (.390) 
6 3 
e (.739) (-.730) 
f 11 15 (-.511) (.505) 
Question 4 
Response Item Pre-survey Post-survey t p-value Distribution Distribution 
6 4 4.035 0.544 a (.479) (-.473) 
b 1 4 ( -.935) (.923) 
7 5 
c (.442) (-.437) 
d 11 14 (-.382) (.377) 
14 12 
e (.325) (-.321) 
f 0 1 (-.703) (.694) 
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Table 6.1.4 (cont.) 
STTS Pearson Chi-square Analysis by Question 
Question 5 
Response Item Pre-survey Post-survey i p-value Distribution Distribution 
2 0 5.059 0.409 a (1 .000) ( -1.000) 
b 14 11 (.424) ( -.424) 
1 1 
c (.000) (.000) 
d 5 10 (-.913) (.913) 
16 15 
e (.127) (-.127) 
f 0 1 (-.707) (.707) 
Question 6 
Response Item Pre-survey Post-survey i p-value Distribution Distribution 
5 6 0.876 0.972 a (-.185) (.182) 
b 0 0 (.000) (.000) 
15 13 
c (.317) (-.313) 
d 3 5 (-.478) (.472) 
4 5 
e (-.210) (.208) 
f 12 11 (.192) (-.189) 
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Table 6.1.4 (cont.) 
STTS Pearson Chi-square Analysis by Question 
Question 7 
Response Item Pre-survey Post-survey l p-value Distribution Distribution 
4 5 2.580 0.764 a (-.236) (.236) 
b 5 2 (.802) (-.802) 
13 12 
c ( .1 41) (-.141) 
d 4 3 (.267) (-.267) 
6 10 
e (-.707) (.707) 
f 6 6 (.000) (.000) 
Question 8 
Response Item Pre-survey Post-survey l p-value Distribution Distribution 
10 9 5.048 0.410 a (.254) (-.247) 
b 10 12 (-.210) (.204) 
6 2 
c (1.073) (-1.042) 
d 0 1 (-.697) (.677) 
7 8 
e (-.106) (.103) 
f 1 4 (-.91 7) (.891) 
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Table 6. 1.4 (cont.) 
STTS Pearson Chi-square Analysis by Question 
Question 9 
Response Item Pre-survey Post-survey x- p-value Distribution Distribution 
7 9 2.465 0.782 a (-.318) (.3 14) 
b 3 4 ( -.244) (.24 1) 
1 0 
c (.721) (-.71 2) 
d 10 9 (.205) (-.202) 
1 0 
e (.721) (-.712) 
f 15 16 (-.075) (.074) 
Question 10 
Response Item Pre-survey Post-survey x- p -value Distribution Distribution 
7 3 4.578 0.470 a (.894) (- .894) 
b 3 5 (-.500) (.500) 
1 4 
c (-.949) (.949) 
d 4 5 (-.236) (.236) 
13 14 
e (-.136) (.1 36) 
f 10 7 (.514) (-.514) 
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Table 6.1.4 (cont.) 
SITS Pearson Chi-square Analysis by Question 
Question 11 
Response Item Pre-survey Post-survey l p-value Distribution Distribution 
5 9 1.987 0.851 a (-.788) (.799) 
b 9 9 (-.042) (.043) 
8 7 
c (.143) (-.145) 
d 3 2 (.292) (-.296) 
6 5 
e (.179) (-.181) 
f 5 3 (.469) (-.475) 
Question 12 
Response Item Pre-survey Post-survey l p-value Distribution Distribution 
17 14 3.544 0.617 a (.436) (-.431) 
b 1 3 (-.693) (.684) 
1 2 
c (-.395) (.389) 
d 16 14 (.312) (-.308) 
1 1 
e (.013) (-.013) 
f 1 4 (-.934) (.921) 
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Section 6.2 Alumni Motivations and Outcomes Survey (AMOS) 
While pre-/post-surveys may examine the effects of the PIT experience directly 
after the program, the scope of the surveys was limited. In order to capture self-reported 
effects of the program on participants across many years of the program, an open-ended 
survey was created and sent out to all program alumni, about 250 people. The Alumni 
Motivations and Outcomes Survey (AMOS) was administered via email to the official 
PROMYS for Teachers (PIT) Alumni email list and paper copies were made available at 
an alumni event. Twenty-seven of the 49 respondents had participated in only one year of 
PROMYS for Teachers. These findings report on only those respondents to focus on the 
effects of participation in a single summer of PIT. 
The instrument 
The AMOS consisted of demographic questions and four open-response 
questions. For this analysis, responses to three questions on the AMOS were used: 
1. Do you think PIT affected your beliefs about what mathematics is? If yes, in what 
ways? 
2. Do you think PIT affected your beliefs about how students learn mathematics? If 
yes, in what ways? 
3. Do you think PIT affected your beliefs about how to teach mathematics? If yes, in 
what ways? 
Participants' responses to the prompt "Other comments" were also included. 
Responses to a question regarding beliefs about personal ability to do mathematics were 
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not included in this analysis because participant responses did not focus on classroom 
activities. 
Analyses of AMOS responses 
Responses were analyzed for themes, and a coding rubric was created from those 
themes and then used by two independent coders. Five themes were present in the 
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responses of 10% or more of respondents: Exploration/Discovery, Reinforcement, 
Questioning, Cooperative Learning, and Non-Transferability. 
Sixty-three percent of respondents felt that exploration and discovery were 
elements of mathematics, the learning of mathematics, or the teaching of mathematics, 
and they associated this with their PIT experience. For some, PIT was a new experience 
that gave them a new perspective on the teaching and learning of mathematics. However, 
30% of all respondents said the program reinforced beliefs they already held. 
In all of the responses, two pedagogical strategies were highlighted: questioning 
and cooperative learning. Eleven percent of respondents referenced the use of questions 
or questioning. For example, "I learned more about how to discuss problems with 
students through questions and help them think through a problem." The use of group 
work, collaboration, or cooperation in mathematics was also mentioned by 11% of 
respondents, such as " I now plan to include as much small-group exploration as 
possible." There was no overlap between these two response groups, thus 22% of survey 
participants attributed changes in their use of questioning or cooperative learning in the 
classroom to their participation in PIT. 
Not all participants felt that their experience in PIT was relatable to their 
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classroom. Nineteen percent of respondents commented that the program did not translate 
into their classroom in some way. One commented that PIT-related materials could only 
be used in the classroom when "free of time pressure from the standard curriculum." 
Others commented that "[PIT] is inconsistent with high school mathematics classes" and 
"not all high school students learn like graduate mathematics students." 
In summary, the AMOS data indicated that over half of participants clearly 
associated PIT with exploration and discovery done by the learner. A much smaller 
percentage (22%) of alumni reported program participation affected their beliefs about 
instructional practices, particularly in the use of questioning or cooperative learning. 
While this may not necessarily indicate a change in task choice, the increased or modified 
use of questioning or cooperative learning does indicate a change in their beliefs about 
task implementation for some teachers. A change in belief may or may not be associated 
with a change in practice, though some respondents wrote as though they were reporting 
classroom actions. However, a comparable portion of survey respondents (19%) reported 
that the approach to mathematics from the program was not transferrable to their 
classroom, indicating participation in the program did not change their beliefs about task 
choice nor implementation. 
Section 6.3 Assignment Collection Analysis 
Two series of four to five consecutive lessons and student work were collected 
from one case study participant, Ella. Originally, I had intended to collect classroom data 
from both case studies, but circumstances occurred that made this impossible. The goal of 
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analyzing classroom artifacts was to determine whether, following participation in PIT, 
Ella's choice of tasks, her expectations of students, or the performance of her students 
would reflect high levels of cognitive difficulty. 
Assignment Collection Description 
For her assignment collection, Ella selected her Algebra II class. One ofthe 
reasons Ella gave for attending PROMYS was that she struggled in teaching her Algebra 
II class. The two lesson series were collected during the school year following Ella' s 
participation in PROMYS for Teachers. The first series consisted of five lessons and took 
place in October, and the second series consisted of four lessons that took place at the end 
ofNovember. For each series, lesson plans, student work, and teacher self-interviews 
were collected as described in Chapter 3. 
The collected data was used to score the Academic Rigor of the lessons using the 
Instructional Quality Assessment (IQA) Assignment Collection Rubrics. The three 
rubrics used were the IQA Academic Rigor rubrics: Potential ofthe Task (AR-1), 
Implementation of the Task (AR-2), and Academic Rigor in Teacher' s Expectations (AR-
4). AR-1 indicated the cognitive demand of the task as set up by the teacher, AR-2 
indicated the cognitive demand of the task as implemented by the students and reflected 
in student work, and AR-4 indicated the level of cognitive demand the teacher expected 
the students to experience during implementation. Each was scored on a scale of 0-4, 
where a 4 indicated a high level of cognitive demand. 
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Assignment Collection Analysis 
For both lesson series, Ella mostly followed lessons from her textbook with 
modifications, omitting some problems and focusing on others. Each lesson typically 
consisted of a five-minute "Do Now," homework review, explication of example 
problems from the textbook, and student practice time. Only one lesson differed from this 
format. In Lesson Series 2 Lesson 2, Ella elected to use the textbook Resource Masters 
rather than problems directly from the textbook. 
In Series 1, collected in October, all but one lesson was rated with an IQA AR-1 
Potential score of two, meaning the tasks focused on students fmding correct answers 
rather than making connections and students were tasked with reproducing a solution 
strategy that had been modeled for them. There was only one lesson in the unit that, as 
written, had an IQA AR-1 Potential score of three because students were asked to make 
connections. However, in the task implementation, students did not make connections nor 
were they required to explain why they followed the procedure they did and thus the IQA 
AR-2 Implementation score was only a two. All other lessons earned an Implementation 
score of two as well, except in one lesson where the implementation devolved into 
memorization and fact recall. That lesson earned an Implementation score of one. Ella's 
IQA AR-4 Expectations scores are for low cognitive difficulty for all but one lesson. The 
IQA AR scores ofthe lessons in Series 1 can be found in Table 6.3.1. 
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Table 6.3.1 
Academic Rigor of Lesson Series 1 * 
Academic Lesson 1 Lesson 2 Lesson 3 Lesson 4 Lesson 5 
Rigor 
Potential 2 2 2 2 3 
Implementation 2 1 2 2 2 
Expectations 2 2 2 3 2 
* Scored usmg InstructiOnal Quality Assessment Assignment Collection Rubric 
In the second lesson series, collected in November, two of the four lessons had an 
IQA AR-1 Potential of three, though the other two had a Potential of two. Ella's IQA 
AR-4 Expectations scores for all lessons matched the potential of the task. However, all 
lessons were scored at an IQA AR-2 Implementation of two. The IQA scores ofthe 
lessons in series two can be found in Table 6.3 .2. 
Table 6.3 .2 
Academic Rigor of Lesson Series 2 * 
Academic Lesson 1 Lesson 2 Lesson 3 Lesson 4 
Rigor 
Potential 3 3 2 2 
Implementation 2 2 2 2 
Expectations 3 3 2 2 
* Scored using Instructional Quality Assessment Assignment Collection Rubric 
The scores of these lesson series do not support a relationship between program 
attendance and high cognitive demand in task choice, task implementation, and teacher 
expectations. However, this analysis is extremely limited in that classroom lesson series 
were collected from only one program participant. Also, Ella revealed in her exit 
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interview that her experience in PIT did not begin to affect her classroom instruction until 
after the initial lesson series collection. 
Section 6.4 Ella Final Interview 
Ella's final interview took place in May of2012. In this interview she explained 
that at the end of PIT, she saw absolutely no way that the program would impact her 
instruction. However, after an incident in her own classroom, Ella reported that she made 
a connection to her PIT experience and used this reflection to change her instruction. 
Post-program impressions 
In her final interview, Ella reflected on her participation in PROMYS for 
Teachers and how that experience affected her instructional choices. Ella said that, for 
much of the summer, she did not see the connections between various mathematical 
problems she was working on, "what I was being taught-it didn't seem that there was 
any major theme or idea. I just didn't see how anything fit together." Even at the end of 
the summer, Ella felt she understood some parts of the mathematics but did not 
"understand most of the picture." Wanting to have a better grasp of the mathematics, she 
was motivated to return to PIT for a second summer. However, Ella had left PIT without 
any sense of its connection to her teaching, "[A ]t the end of summer, after PROMYS was 
done, I thought, 'Wow, this was really entertaining for me, but there was no way that I 
could use this in my life or in my classroom.'" 
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Accidental reflection 
Ella had enjoyed her experience but she did not see it as professional 
development. It was not until she had a "big wake-up call" from a classroom experience 
that she saw any connections to her classroom. In her exit interview, Ella reported that 
she saw the mathematics in her classes as all part of a handful of concepts taught 
throughout the year. One day in October, she had an exchange with her Algebra II 
students that revealed that her students did not see the mathematics the same way she did. 
As Ella recalled, one student said, "We love the way you teach. We know that every day 
it's going to be something new." While Ella had said during her initial interview that she 
felt her students saw the mathematics content as disconnected, this interaction affected 
Ella considerably. Ella reported being noticeably upset, and said her students commented 
on how flustered she was. This was the moment where Ella first realized that the lost 
feeling she had through so much of PIT, the lack of connection between mathematical 
activities or a sense of the "big picture", that was the experience of her students in her 
own classroom. 
Ella's self-reported changes 
Following this reflection, Ella said she made a number of pedagogical 
connections. During PIT, Ella had been annoyed in lecture one day when the professor let 
the students follow a wrong path for a long while before telling them they were wrong. 
She said she did not understand why he would let them go on for so long, why he did not 
just put them on the correct path sooner. However, Ella acknowledged this practice in her 
final interview and said she had picked up this practice in her classroom, letting her 
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students experience "thinking mode." She said that initially the students hated the 
experience, but that it had become a normal part of classroom activity. 
Ella also said she had a new goal for her classroom structure in all of her classes. 
She wanted "groups of four or five students-not working together to do problems but 
working together to flesh out ideas on how this problem will work." She reported that she 
had moved in that direction in her instruction, though she felt she was still "leading the 
thinking." She began assigning students problems they had not seen before and expecting 
them to work together to find solutions through whatever means they could come up 
with. She reported that she changed her trigonometry unit to focus on exploring the unit 
circle rather than manipulating equations given a table from the textbook under the belief 
students would develop a better conceptual understanding, even if it took more time. 
"There is a lot of thinking going on [in my classroom], where in the past it was just 
computation." Tasks where students did not have a predicted or well-rehearsed solution 
path and were expected to make connections between different representations and justify 
procedures would earn a score of 4 on the Instructional Quality Assessment - Academic 
Rigor Potential of the Task, indicating that if Ella' s reports are true, the cognitive demand 
of the classroom tasks she chose had increased. 
Ella had realized that "a lot of the class seemed to be focusing on computation, 
which is something [my low-level Algebra I students] are not good at." Instead, she said 
she gave her students a calculator and taught them how to use it. During the summer, Ella 
had said that her low-level students would not be capable of inquiry and discovery 
learning because they needed to focus on basic ideas. Now, she suggested that she 
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redirected her lessons to "We have this problem. How can we think and solve this 
problem?" and she was "amazed at the [high] quality of work that I get." She noted the 
growth of two female students who had been "C minus, D students, [they] became 
leaders in the classroom for generating ideas." Ella acknowledged that her previous 
methods of teaching and assessment did not show the capabilities of these students. 
Ella reported that some of her students had even begun requesting to "teach" 
lessons. She said that not only did the students who were teaching the lessons put in a lot 
of effort, but the other students seemed to enjoy those lessons. Ella felt that "when they 
are doing it themselves, it's that they' re more invested in it." She relayed the story of one 
student who she said had a number of personal issues affecting her schooling, "She 
taught a lesson, and it's that there was this spark in her that she ... Just this little bit of 
understanding. That she saw that she mastered something, and she could teach other 
people how to do this. And she felt--It looked like she felt very good about herself." Ella 
said that before, this was a student who faded into the background in class. Now, for the 
student, "it seems that there is a happiness, or a fulfillment [if she seems to be 
understanding or mastering things]. Or maybe, maybe, I'm imagining more." Given Ella's 
own mathematical growth during the PROMYS for Teachers program, a program in 
which she had elected to take part partially to take her mind off of a personal issue, there 
is some reflection ofElla'.s own journey in her student's story. 
In summary, like a number of respondents to the Alumni Motivations and 
Outcomes Survey (AMOS), Ella did not initially see how PIT could affect her classroom. 
However, after a classroom interaction that spurred her to reflect on her experience and 
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connect it to her own students ' experiences, Ella reported a number of changes. Aligned 
with another group of AMOS respondents, Ella reported bringing in the use of discovery 
and exploration and she employed cooperative learning. Her expectations for students' 
cognitive contributions increased, moving from calculation to connections and 
explanations, though she was still working on how to structure her lessons to ensure this 
could occur regularly. Whether or not the experience in PIT was personally uplifting for 
Ella, she saw the possibility for student-led learning to develop potential and pride within 
students. 
However, Ella attributed all of the changes she reported to that single moment in 
front of her Algebra II class that forced her to reflect on her experiences. "If I did not 
have-if that student, that thing, the student did not come ... [PROMYS] would've just 
been an interesting thing that I would have done for myself because I like being 
entertained." A reflective experience connected her program experiences to her 
classroom and changed the way Ella thought about student learning and thus her 
approach to teaching. Without the reflection and connection, Ella claims PIT would not 
have had an effect on her classroom or her students' learning. 
Section 6.5 Question 2 Discussion 
Question 2 of this research study asked 
Are research participants' choice of mathematical tasks for students or the 
implementation of those tasks affected by their beliefs and attitudes about 
mathematics, and does participation in PIT affect that relationship? 
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This question has two main parts, a) whether participants enter the program with a 
relationship between beliefs and practices and also b) whether program participation 
affects that relationship. 
To address part a) of this question, I use the analysis predicting task choice and 
implementation scores using belief scores from Section 6.1. This model showed no 
significant relationship between the beliefs and task choice or implementation. This 
analysis is limited because ofthe small sample size and thus limited power of prediction, 
but the outcome is supported by other research in the field. The work of Supovitz, Mayer, 
and Kahle (2000) looked at thousands of teachers and indicated that teachers ' practices 
are often not aligned with their beliefs for a variety of reasons. 
Part b) of this question can be answered using a variety of data. The analysis in 
Section 6.1 predicting task choice and implementation scores using belief scores as well 
as pre-post status and the interaction of pre-post status with belief scores also showed no 
significant relationship. This would indicate that participation in the program (pre-post 
status) did not affect task choice and implementation scores when accounting for beliefs, 
nor did program participation affect the relationship between belief scores (interaction 
variables using belief scores and pre-post status) and task choice and implementation 
scores. Again, there was low power of prediction with these instruments, but qualitative 
data collected from the study seems to support this outcome. Ella' s perspective at the end 
of the program was that she did not see how it was related to her classroom, and 19% of 
Alumni Motivations and Outcomes Survey (AMOS) respondents felt similarly. If 
participants did not see how the program related to their classroom, the program could 
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not change the relationship between their beliefs and their classroom practices. Supovitz, 
Mayer, and Kahle (2000) found that the school environment was a key factor inhibiting 
teachers from aligning classroom practice with beliefs, and PIT did not address issues of 
school environment. 
The Clarke and Hollingsworth (2002) Interconnected Model of Professional 
Growth would require one of two elements to exist for a change to take place in the 
relationship between teacher practices and teacher beliefs via a professional development 
program. Either 1) the program would need to model practices that participants could 
directly enact in their classrooms and then reflection on the enactment could affect their 
beliefs or 2) an instance of reflection would need to occur in order for participants to 
consider and change their beliefs and those beliefs could impact classroom choices and 
enacted practices. For case 1), PIT's structure is decidedly removed from the typical high 
school classroom, and its high participant-to-counselor ratio, highly specified curriculum, 
and intensive environment are beyond what could reasonably be directly enacted in a 
high school classroom. In case 2), no structured element of reflection is included in the 
PIT course, and any spontaneous reflection during the program is likely inhibited by the 
intensive, focused atmosphere. As evidenced by the case studies in Chapters 4 and 5, 
participants are often cognitively exhausted by the program's work itself. Thus, there was 
no specific direction to reflect, and the environment of the program may have made such 
reflection difficult. Without either practices easily taken to the classroom or reflection on 
how the program might connect to the classroom, changes in the relationship between 
participant beliefs and task choice and implementation would not be expected 
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immediately following program participation. Since the post -administrations of the 
surveys was in the last week ofthe program, the results are consistent with the model's 
prediction. 
In summary, analyses of data collected as part of this research study did not 
indicate a relationship between PIT participants' beliefs, as measured by the STBAS, and 
their task choice and implementation, as measured by the STTS. Analyses also did not 
indicate that participation in PIT had any effect on the relationship between beliefs and 
task choice or implementation. These findings are consistent with the literature. 
Section 6.6 Question 3 Discussion 
Question 3 of this research study asked 
Are research participants' choices and implementation of mathematical tasks 
affected by their participation in the PIT program? 
Data to answer this question come from a larger number of sources than those used for 
Question 2. In section 6.1, the analysis of the STTS responses showed that the cognitive 
demand of the task choice and implementation responses selected did not change with 
participation in the program and, in fact, the distribution of responses did not 
significantly shift, either. This indicates that directly following participation in PIT, there 
was no evidence of change in participant task choice or implementation as measured by 
the STTS. These findings are aligned with the analysis of data regarding Question 2 in 
Section 6.5 above, as participants were not given tasks or practices to take directly to 
their classrooms, nor was there a reflective element which could lead to a change in 
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beliefs and then perhaps a change in task choice. I also note here that there was little 
power for this data to indicate any changes due to the small sample size and also because 
of the need for reliability testing on the full STTS instrument. However, data regarding 
participant task choice and implementation were also collected from the AMOS, 
classroom lesson series from a case study participant, and the final interview of that case 
study participant. 
Sixty-three percent of AMOS respondents associated the teaching, learning or 
practice of mathematics with exploration and discovery, and 22% mentioned particular 
classroom practices, namely questioning and collaborative learning or group work. 
Notably, 30% of respondents expressed that their beliefs about mathematics and the 
learning and teaching of mathematics were simply reinforced by participation in the 
program-they had already held these beliefs. However, this instrument asked 
respondents about their beliefs, and responses mostly focused on what respondents 
believed should occur in the classroom and not necessarily their own practices. Thus, this 
data can only be used to support that a number of participants indicate a change in their 
beliefs and some further shared effects on their classroom practice. 19% of respondents 
indicated that they did not see connections between PIT and their classroom. So, even 
with time to reflect and connect to the classroom, a sizeable portion of the population 
may not see reason for changes in their task choice or implementation. 
Ella, a case study subject, did not see how PIT would affect her classroom at all at 
the end of the program. Indeed, analysis of the two lesson series collected from her 
classroom in October and November following program participation did not indicate 
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that program participation was related to choosing higher cognitive demand tasks or 
having higher expectations for the cognitive work of students. It did not appear as though 
Ella had transferred any of the high cognitive-demand practices of PIT, such as tasks 
where repeated calculations were used to generalize or the expectation that students 
should solve problems without a clear solution path or, to her classroom. While I do not 
have pre-program classroom data to compare for changes, Ella stated she had no reason 
to change her task choice or implementation, and the cognitive demand of her task 
choice, implementation, and classroom expectations remained mostly low. This does not 
support the hypothesis that PIT affects task choice or implementation. 
PIT did have an impact on Ella's classroom over a longer period, however. In her 
final interview, Ella reported that after a reflective incident in October, she had begun 
changing her instruction. She was still grappling with exactly how to achieve the new 
classroom she envisioned, but she reported asking students to solve problems they had 
not seen before, allowing students to lead lessons and teach each other, and focusing on 
student discovery for long-term learning. While Ella experienced this reflective incident 
before the second collected lesson series, her reported changes were from the spring term. 
She needed time to consider how she would change her instruction and to slowly 
implement the changes. While the changes in Ella's task choices and implementation 
were self-reported, they certainly indicate at least an intended shift in classroom practice. 
Ella also reported that the reflective incident was an essential component of her 
instructional changes, and without it she felt those changes may never have occurred. 
Thus, PIT provides a rich and intensive experience that when reflected upon has potential 
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for extensive changes in classroom practice. Problematically, PIT does not currently 
provide the necessary elements for participants to reflect on their experience and connect 
that experience to their classroom. 
In summary, the data in this study indicate that changes in participant task choice 
and implementation directly following the program are unlikely. However, there is some 
evidence that change is possible over time. Some AMOS respondents discussed changes 
in their classrooms, and Ella's reports of her personal experience indicate that with a 
reflective incident, there is potential for participants to make considerable changes to 
their task choice and implementation. Ella's own words, though, caution that without 
another intervention, she would not have changed her classroom. This leaves an open 
question as to what other components may be necessary to create change in participants' 
classroom choices. 
In this chapter, the data gathered from the Secondary Teacher Task Survey, the 
Secondary Teacher Beliefs and Attitudes Survey, the Alumni Motivations and Outcomes 
Survey, the Classroom Assignment Collection, and Ella's final interview were analyzed. 
In regard to Question 2, no relationship between beliefs and task choice and 
implementation was found, and further participation in PIT did not affect that 
relationship. However, collecting data at the very end of the program may not provide the 
time for those changes to occur. This was similarly confounding in the discussion of 
Question 3. Participants' task choices directly following program participation did not 
vary from their choices prior to participation, and Ella did not see any connections to her 
204 
classroom at the end of the program nor did she see any at the beginning of the school 
year. Some alumni reported that they did not see how PIT could transfer to the secondary 
classroom. In contrast, other alumni reported changes in their beliefs about instructional 
practices due to the program, and some reported classroom instructional changes. Ella 
reported undergoing significant changes in her task choice and implementation but only 
after a reflective incident and time to consider how to change her classroom. The answer 
to Question 3 is then that PIT appears to have the potential to change participant task 
choice and implementation, but other elements may be necessary for participants to make 
those changes. In the next chapter, I will discuss the results of this study and hypothesize 
program enhancements to enable teacher reflection and change. The limitations of this 
study and suggestion for further research will also be discussed. 
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CHAPTER 7 
DISCUSSION AND CONCLUSIONS 
The purpose of this study was to investigate the effects of an intensive 
mathematics immersion professional development, PROMYS for Teachers, on its teacher 
participants' beliefs and teaching practices. PIT was selected for study because of its 
unique composition among professional development programs that utilize the 
experience-as-learner model. PIT runs for six weeks over the summer and focuses 
exclusively on teacher exploration of university-level mathematics. PIT does not contain 
a component connecting the pedagogy of the program to teacher participants' classrooms. 
The sample in this study included the summer 2011 PIT participants. Survey responses 
from twenty-seven single-year PIT participants from the program's history were also 
included for a smaller portion of the study. Two summer 2011 participants were selected 
as case studies. 
Data were gathered using both quantitative and qualitative instruments. Survey 
instruments were used to collect data on the summer 2011 participants. Interviews and 
observations were also used during the summer of2011 to collect data on two case study 
participants. Classroom lesson data from fall 2011 was collected from one case study 
participant. A survey was administered to PIT alumni in the fall of2011 and the spring of 
2012. Lastly, a final interview was conducted with the remaining case study participant in 
May of2012. 
Two survey instruments were administered to the summer 2011 PIT participants, 
the Secondary Teacher Task Survey and the Secondary Teacher Beliefs and Attitudes 
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Survey. The Secondary Teacher Task Survey (STTS) was a survey created for this 
research study designed to assess differences in participant task choice and instructional 
choices during task implementation. Six questions asked participants to select from a set 
of lesson synopses lessons they would most likely to use. Six questions asked participants 
to select responses to student difficulties during the implementation of a lesson. Each 
response was scored for its academic rigor based on the Instructional Quality Assessment 
Toolkit, Assignment Rubrics in Mathematics (adapted from Boston & Wolf, 2006). The 
Secondary Teacher Beliefs and Attitudes Survey (STBAS) consisted of 18 Likert-scale 
questions, six questions in each of the belief categories: "Beliefs about teaching," 
"Beliefs about student learning and understanding," and "Belief in personal ability to do 
mathematics." Nine of the STBAS questions were original to the instrument and nine 
were drawn from the Indiana Mathematics Belief Scales (IMBS) (Kloosterman & Stage, 
1992) and from the Belief Inventory (BI) (Abel, 2010). The STBAS also included five 
visual analog questions adapted from an earlier version of the survey. All summer 2011 
PIT participants were administered the STTS and STBAS at the beginning ofthe summer 
program and again at the end of the program. 
Data for the case studies were gathered from interviews, participant problem sets 
and exams, program handouts, and field notes and audio recordings taken during 
observations during the summer 2011 program. Audio recordings, problem set copies, 
and field notes were synthesized into content logs of each full-day observation. The 
initial interview was structured to gather information on subjects' mathematical 
background and initial perceptions of the program and their ideas on what they would 
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take away from the program. All other interviews during the program were open-ended to 
enable the subjects to share what they felt was important or noteworthy about their own 
experiences. Interviews were transcribed. Interview transcripts and observation content 
logs were analyzed for common themes and those were used to guide the writing of the 
case studies and, in particular, the analysis which focused on the participant perspectives 
on their experience. 
For one case study subject, Ella, data were collected from two lesson series taught 
in her own classroom, each series consisting of four to five lessons in sequence. Teacher 
lesson plans, student work samples, and teacher self-interviews using a provided protocol 
for each lesson in each series were collected. These data were analyzed using the 
Instructional Quality Assessment Toolkit, Assignment Rubrics in Mathematics (adapted 
from Boston & Wolf, 2006) to determine the academic rigor of the tasks as set up and as 
implemented as well as the academic rigor of teacher expectations for student 
engagement during the lesson. Scores were on a scale of 0-4. All tasks scored for 
classroom observation in this study were scored as two or three. Due to attrition, 
classroom data collection from the other case study subject was not possible. 
Another source of data for this study was a survey administered to PIT alumni, 
the Alumni Motivations and Outcomes Survey (AMOS), created by the researcher. Some 
surveys were administered at a PIT event in the fall of 2011. The rest of the surveys were 
administered online via Survey Monkey, and a link was sent out to the PIT alumni list in 
the spring of 2012. These data were examined for emergent themes in the responses, and 
codes were created based on these themes. All responses were then coded. 
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Lastly, the final interview of case study subject Ella was conducted in May of 
2012. The interview was transcribed and analyzed for content related to themes present in 
the summer case study data as well as the AMOS responses. Ella' s interview was then 
synthesized to describe Ella' s beliefs about the effects the program had on her teaching. 
Section 7.1 will provide and explication of this study's major findings. Discussion 
of the findings of this study is provided in Section 7.2. In Section 7.3, the limitations of 
this study will be described. Finally, recommendations for future research are discussed 
in Section 7.4. 
Section 7.1 Study Findings 
This study examined a unique, extreme example of the experience-as-learner 
professional development model. Question 1 examined the experience of participants 
during the six weeks of the summer program. Question 2 investigated the relationship 
between participants ' beliefs and their task choice or task implementation and the effects 
of program participation on that relationship. Question 3 examined whether program 
participation affected participant task choice or implementation. The theoretical 
framework is presented below, followed by discussion of the research questions. 
In Clarke and Hollingsworth's (2002) Interconnected Model of professional 
growth, seen in Figure 7.1.1 , there are four domains in which change can occur and affect 
other domains: External Domain, Personal Domain, Domain of Practice, and Domain of 
Consequence. This research focuses in on the PROMYS for Teachers program, which 
falls under the External Domain, a source of information or stimulus external to the 
teacher and her classroom. Question 1 investigates the experience of participants in this 
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Figure 7.1 .1 Interconnected Model ofProfessional Growth (Clarke & Hollingsworth, 
2002, p.951) 
program. Understanding the components of the program and participants' experience is 
essential to understanding how PIT might affect the teacher's Personal Domain, the 
domain ofknowledge, beliefs, and attitude, or her Domain of Practice, the domain 
including teacher classroom actions. The Interconnected Model indicates that PIT can 
directly affect participants' classroom practice by the enactment of practices or tools 
gained from the PIT program, or practices could be affected indirectly through a change 
in beliefs. PIT could affect participant beliefs through reflection, described as "active, 
persistent, and careful consideration" (p. 954). Reflection on the experience of the 
program and the components of PIT could cause a teacher to change her beliefs which 
may then be acted upon, causing a change in classroom actions. Also, based on the 
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Interconnected Model, reflection on classroom experimentation of enacted practices from 
the professional development experience could affect teacher beliefs. Question 2 
investigates this relationship between the Personal Domain and the Domain of Practice 
and the effects of participation in PIT on that relationship. Question 3 more closely looks 
at changes in the Domain of Practice, whether the program causes change in participants' 
task choices and implementation. 
Question 1 
What is "the PROMYS experience?" 
A case study was conducted in order to examine what participation in an intensive 
immersion in mathematics would entail and how participants would experience such a 
professional development program. Three themes were present in the PROMYS for 
Teachers experiences of both subjects, as identified through interview transcripts, 
program artifacts, and observation content logs. The themes present in Ella and Sharon's 
experiences from summer 2011 were (a) experiencing mathematics as a dynamic field, 
(b) experiencing mathematics as a social endeavor, and (c) personal effects of intensive 
daily immersion in mathematics. 
(a) Within PROMYS for Teachers, participants interacted with the content in 
ways associated with a dynamic view of mathematics as defmed by Stipek, Givvin, 
Salmon, and MacGyvers (2001). Participants engaged in problem solving using 
"reasoning and creativity, gathering and applying information, discovery, and 
communicating ideas" (p. 214). Working in this fashion meant that they would also 
struggle more and experience being "lost" regularly because they had no rehearsed 
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approach to apply. Participants worked on problem sets in a non-linear fashion, made 
connections to previous problem sets and went back to do more problems, and they 
engaged in pattern finding to make conjectures and formalize numerical connections. 
While still being guided through mathematics content by problem sets, Sharon and Ella 
were able to select problems they wanted to complete and pursue similar problems they 
felt would be connected. 
Both Ella and Sharon admitted to taking time to adjust at the beginning of the 
program, initially feeling as though they should complete entire problem sets or at least 
all Numerical problems. Ella's weaker mathematics background made working with 
mathematics in a dynamic manner difficult for much of the program because she 
struggled with calculations and making connections. However, particularly in the second 
half of the program, Ella began to see connections between problems and even pursued 
part of a proof of a conjecture she had made. Sharon engaged in pattern-finding and 
applying from the first day, and she enjoyed finding mathematical connections 
throughout. Sharon was often excited enough by her discoveries that she would exclaim 
her excitement out loud or turn to others participants to share what she had learned. 
(b) Participants in PIT regularly engaged in mathematical discussion with others 
in the process of learning mathematics, creating a social and cultural context in which to 
engage with the mathematics dynamically. This context is at the heart ofEmest's (1988) 
highest level of belief about the nature of mathematics, the problem solving view. While 
participants did spend time merely checking solutions with one another, they also 
regularly engaged with one another to understand the solution processes or to compare 
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different solution paths and representations of problems. When entire groups were unsure 
of how to proceed on a problem, they would cycle back to that problem, checking back in 
with one another so any progress individuals made became collective knowledge on 
which others could build. Particularly during the second half of the program in the 
Second Room, participants would work on a blackboard in front of the room and enable 
anyone in the room to take part in the problem solving process. While Ella preferred to 
work alone and only participated in group collaborative learning on occasion, Sharon 
sought out others to work with regularly and was disappointed in the first half of the 
program when she felt the pre-service teachers in the program were unwilling to work 
with her. Participants also engaged in mathematical discussion with program counselors, 
who ensured participants were engaging in verbal communication of mathematical ideas 
regularly throughout the day. 
(c) The PIT experience was intensive and immersive. Participants reported 
continuing to work on problem sets outside of the program, though outside work waned 
over time in part because participants felt they needed an extended period of time to 
mentally get into a proper state to work on the mathematics. Participants reported being 
mentally fatigued by the program, and Ella even claimed her sleep was affected because 
her brain would take longer to "shut down" at night. Ella once lied to her grader in order 
to excuse not having done more work over the weekend, tom between her sense of 
obligation to do work for the program and her mental exhaustion. The PIT experience 
expanded beyond the 8 hours on-site, and it cognitively fatigued participants. However, 
this may be an important aspect to experiencing the mathematics in the manner described 
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above. Sharon said she appreciated the immersive atmosphere at PIT-she needed it to be 
able to explore the mathematics in the way she felt the program intended. These reactions 
to the experience seem to be unique in the literature, as research on other experience-as-
learner summer programs has not reported similar experiences by participants in those 
programs. 
Three themes were present in the interviews of the case study subjects throughout 
the summer program, reflecting elements the participants found to be important. These 
themes were (d) mathematical confidence, knowledge and skill, (e) working and coping 
strategies in relation to the program, and (f) connections to their own classrooms from the 
program. 
(d) Sharon felt confident in her abilities and was strong mathematically from the 
beginning of the program, though her confidence was shaken and her skills tested in the 
second half of the program. Sharon' s rich background in mathematics and teaching 
contributed to her personal experience. Sharon was a veteran teacher with over 25 years 
of experience teaching when she came to PIT. She held degrees in mathematics 
education, and taught the applied calculus course at the high school where she worked. In 
the first half of the program, Sharon's greatest difficulty was finding people willing to 
work with her who would also challenge her mathematically. She developed a 
relationship with a pre-service teacher, Scott, where he would help her go deeper into the 
mathematics and she would give him advice about teaching. 
In the second half of the program, Sharon was reluctant to move to the Second 
Room with the people with whom she regularly worked. She was reluctant because the 
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Second Room had initially been created to give supplemental help to participants who 
had struggled in the first half, and she felt the Second Room was viewed as being for 
mathematically weaker participants. However, the material in the second half of the 
program was quite challenging to Sharon, and eventually she moved to the Second 
Room. Sharon's perception of the Second Room soon became that it was for participants 
who were more willing to collaborate. That environment seemed to be what Sharon had 
wanted even in the first half of the program. Mathematically, though, Sharon struggled 
much more during the second half of the program, in part because she took so long to 
move to a more supportive environment. Some of the confidence in her mathematical 
knowledge and skill that she had gained in the first half of the program was shaken, 
though she continued to believe herself to be capable. 
Ella's weak mathematics background affected her experience in the program but 
did not prohibit her from engaging with the materials. Ella entered the program without 
having taken an advanced mathematics course since AP Calculus in high school over a 
decade prior. She had five years of teaching experience and was looking to earn credits 
toward her professional certification. Lacking mathematical experience, Ella struggled 
greatly with the content from the very beginning. She felt in her initial interview that she 
would struggle to be the "top ofthe bottom" of participants in the program. Despite 
having weak content knowledge, Ella was confident in her learning process, and she 
would ensure that she would only take small bits of information at a time from 
conversations with others so she could process that knowledge before moving on. Still, 
Ella felt that some people in the original workroom made her feel "dumb" and she "did 
215 
not appreciate that feeling." Ella was happier when the Second Room opened and she 
could see other participants openly struggling with the mathematics. She felt better that 
she was not alone, even if she still did not want to regularly work with others. Ella 
improved greatly during the second half of the program, actively engaging in independent 
exploration on multiple occasions. 
(e) For her working and coping strategies, Sharon was willing to reach out for 
help during the first half of the program. She asked questions of counselors and of her 
peers, and she would continue to ask questions to try to figure out why they were 
approaching problems in a certain way or what their thought process was. She would 
continue to work on problem sets outside of the program. She wrote down her work in a 
way that would enable her to see structure and patterns, and she kept notes on her 
"thoughts" on the side so that she could review her processes later and perhaps extend 
them to conjectures or generalizations. Sharon also actively sought out other people to 
work with who would help her improve her own understanding of the mathematics. In the 
second half, the participants Sharon had worked closely with moved, and based on 
comments she made about the Second Room being intended for those with less capacity, 
one might infer that her pride was the only real barrier between Sharon and continued 
mathematical progress. When Sharon did finally transition to the new working 
environment, she thrived in the open groups where she could freely engage 
mathematically with anyone in the room. She would invite others to work with her, and 
she would seek out others working on problems she wanted to work on. For most of the 
program, Sharon actively engaged with others so that she could better learn the 
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mathematical material. 
Ella also had a sense of how she learned best, though unlike Sharon, Ella 
preferred to work mostly alone. Ella would ask for help when she needed it, but she could 
only process small amounts of information at a time. Because of this, she limited her 
interactions with others. Ella used technology to help her find solutions, and later she 
used Excel to help her find patterns in large numbers of calculations without fear of 
calculation errors. Ella also turned to the Internet to research vocabulary and content 
early on to help herself keep up with her peers. In the second half of the program, the 
ability to see work on the board enabled Ella to better enter mathematical conversations 
when she felt comfortable. As Sharon had, Ella pursued resources available that would 
help her learn the mathematics in a way that was comfortable for her. 
(f) The final theme present in the reflections of the participants on their 
experience was connection to the classroom. Sharon had said she made connections from 
PIT to things she could do in her classroom, and she even discussed the possibility of 
using more exploration-based tasks. She said that teaching style would be more work to 
set-up, but once the initial work was done, it would not be so hard. Though confident in 
the teaching style she had developed over many years, Sharon was open to bringing ideas 
from the program into her classroom. 
Ella did not see connections to her classroom during the program. She felt the 
pedagogy of the program was time-consuming, and she thought many of her students 
were not strong enough to learn through inquiry. She connected her struggles to her weak 
students' struggles, but even at the end of the program, she did not see any ways the 
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program would affect her classroom or her teaching. 
Overall, the PIT experience was an intensive immersion environment that 
provided participants the opportunity to engage with mathematics as a dynamic field of 
study, involving exploration and discovery. The experience was, to some extent, 
overwhelming to participants, being mentally fatiguing and impacting their outside lives. 
However, the intensity allowed participants the time to develop their content knowledge 
through cooperative exploration, and both Ella and Sharon expressed that they had 
enjoyed the program and gained mathematical content from their participation. 
Unfortunately, only Sharon, a 25-year veteran teacher, saw any connections to her 
classroom. 
Question 2 
Are research participants' choice of mathematical tasks for students or the 
implementation of those tasks affected by their beliefs and attitudes about 
mathematics, and does participation in PIT affect that relationship? 
Beyond the case study subjects, the entire summer 2011 participant pool was 
administered surveys in order to determine whether a relationship existed between 
participant beliefs, as measured by the STBAS, and participant task choice and decision 
during task implementation, as measured by the STTS. Further, analyses were done to 
determine whether program participation affected the relationship between participant 
beliefs, as measured by the STBAS, and classroom practices, as measured by the STTS. 
In order to examine whether participants' beliefs and practices were aligned prior 
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to program participation, standard multiple regressions were performed using average 
IQA scores on the STTS as the dependent variable and belief scale scores on the 
"teaching," "student learning," and "personal ability" scales from the STBAS as the 
predictor variables. The outcomes of these indicated no relationship between teachers' 
STBAS belief scale scores and their average IQA scores on the STTS items. Teachers' 
beliefs are not always aligned with practices (Supovitz, Mayer, & Kahle, 2000). So, while 
participants may have elected to participate in PIT because their beliefs about 
mathematics were aligned with the views of PIT, participants may not act on those beliefs 
in the classroom. 
To examine the effects PIT participation would have on the relationship between 
participant beliefs and practices, standard multiple regressions were performed using the 
average IQA scores on the STTS as the dependent variables and the three belief scale 
scores from the STBAS as well as four new variables acting as predictor variables. 
The first new variable was the status of pre/post program, to determine whether 
being in the program alone affected task choice or choices during task implementation. 
The other predictor variables included in this regression were interaction variables, each 
created by using pre/post status multiplied by one of the belief scale scores. These 
variables would enable me to see whether participation in the program affected any one 
beliefs effects on task choice or choices during implementation. However, none of these 
regressions were significant, indicating PIT did not affect the relationship between 
participants' beliefs and their task choices or choices during task implementation. 
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Question 3 
Are research participants' choices or implementation of mathematical tasks 
affected by their participation in the PIT program? 
Finally, changes in participants' classroom practices were investigated through a 
variety of approaches. The summer 2011 cohort was administered the STTS before and 
after the program in order to determine changes in teacher task choice and choices during 
task implementation from summer participation. Lesson sequences were collected and 
analyzed from one ofthe case study participant, Ella (the other case study participant 
withdrew from the study), and the Alumni Motivations and Outcomes Survey (AMOS) 
was administered to program alumni. Finally, Ella' s final interview in May 2012 was 
analyzed and synthesized to investigate the effects of PIT on her classroom after lesson 
sequences had been collected. 
The pre- and post-survey administrations ofthe STTS were analyzed in two ways, 
first with t-tests and then with Pearson Chi-square analyses. The t-tests showed no 
significant difference in average IQA score between administrations on any ofthe 12 
questions. The Pearson Chi-square analyses indicated there were no significant shifts in 
distribution of responses for any of the 12 questions between the pre- and post-program 
survey administrations. Thus, the surveys provided no evidence of a change in task 
choice or choices during task implementation following program participation. 
Two lesson sequences from Ella' s classes in the fall of 2011 were scored using 
the IQA. Ella' s lessons as set up were all scored at either two or three and almost all were 
implemented at a level two. This indicates participation in PIT did not cause Ella to select 
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high level tasks or to implement her chosen tasks in a highly academically rigorous way. 
In the AMOS responses, 89% of respondents said that PIT affected their beliefs 
about at least one of the following: the teaching of mathematics; the learning of 
mathematics; what mathematics is. However, only 22% of respondents wrote in 
particular effects in relationship to classroom actions. The classroom actions reported 
involved the use of questioning and the use of cooperative learning. Thirty percent of 
respondents said that PIT "reinforced" beliefs they already held. While fully 63% of 
respondents mentioned and associated PIT with mathematical exploration and discovery, 
19% of respondents claimed the practices of the program would not transfer to the 
secondary mathematics classroom. Thus, only a small portion report any changes in 
classroom choices, and a comparable portion of respondents felt the program's practices 
would not transfer to their classroom. 
Finally, in Ella's last interview, nearly a year after attending PIT, Ella reported 
that she, too, had initially not seen any connections between PIT and her own classroom. 
At the end of the summer, she had not felt that the program would impact her teaching at 
all. Then, Ella reported an interaction with a class of hers in which she was made aware 
that her students saw the content she was teaching as being as disconnected as she had 
felt the content was for much of her PIT experience. Ella was very upset by this 
revelation, and she reported that she had changed her instruction in a number of ways to 
help students make connections between mathematical ideas. Notably, she said she was 
trying to have students in collaborative groups, working to figure out how problems 
work, not just how to find an answer. She felt she was still leading the thinking going on 
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in her class, but she was trying to work out ways to move the majority of the cognitive 
work onto the students. She also said she had taken on the practice of allowing students 
to follow the wrong path for a while before correcting them to enable better development 
of understanding. While Ella said all of these changes had occurred, she also attributed 
them to the classroom interaction she had that spurred her reflection on her own PIT 
experience. Without it, she claims she would never have made the connection, or the 
changes. 
Overall, there is some evidence of teacher change, but for most participants, it is 
unlikely that participation alone would affect task choice or implementation. Directly 
following the program, no change was seen in STTS responses and Ella reported that she 
did not know how the program would affect her classroom. Even with time, some alumni 
did not see connections to their classroom, and Ella related her changes to a reflective 
incident. She believed that without that incident, her teaching would not have changed. 
Thus, PROMYS for Teachers has the potential to contribute to changes in teacher task 
choice and implementation, but the program itself appears insufficient to cause such 
changes for most participants. 
Section 7.2 Discussion of Findings 
Under the Interconnected Model of Professional Growth, Ella and Sharon's 
experiences indicate why changes in teacher task choice and implementation may not 
have been apparent directly following the summer PROMYS for Teachers experience. 
The IMPG indicates participants would need either practices or materials to directly enact 
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in their classrooms or thoughtful reflection to change beliefs followed by classroom 
action based on those changed beliefs. Directly following the program and into the 
beginning of the school year, Ella did not see anything she could bring back from PIT to 
her classroom. While Sharon did reflect on her experience, her students, and her goals as 
a teacher during the program to consider changes she would make to her classroom, 
Sharon regularly participated in professional development programs and had 25 years of 
classroom experience. Sharon was likely accustomed to connecting professional 
development experiences to her classroom. Nearly all of the participants in the summer 
2011 cohort had five or fewer years of classroom teaching experience. Without content to 
take to the classroom and without structured reflection, the program would not be 
expected to impact teachers' practice. 
As Sharon had done, independent reflection was possible. However, the intensity 
and duration of PIT may affect teachers ' likelihood to independently reflect on PIT and 
their classrooms. Both Ella and Sharon noted the time-consuming nature of the inquiry 
process, and other studies have found that feeling pressure to cover the year's curriculum 
has been seen to negatively affect the likelihood of using classroom inquiry for 
participants in other professional development programs (Supovitz, Mayer, & Kahle, 
2000). It may also be the case that participants are too mentally worn by the program's 
intensity to develop their own reflections that connect to the classroom during the 
program. The study ofthe mathematics itself was exhausting and continued into 
participants' time outside of the program during those six-weeks. 
The advanced content may also make it difficult for participants to connect the 
223 
PIT experience to the content they teach. Sharon commented at one point that something 
she would bring back to the classroom from the program was an approach to finding a 
least common multiple, content that she had taught previously. Otherwise, she did not see 
any content connections. Ella entered the program hoping to better understand the content 
she was teaching her Algebra 2 students, and she left the program feeling it gave her 
nothing to bring back to her classroom. One alumni comment on the AMOS mentioned 
that high school students do not learn like graduate students of mathematics. The 
university-level content is a unique feature of PIT-most experience-as-learner 
professional development programs focus on developing a deeper knowledge of the 
content that teachers teach. Under the Interconnected Growth Model, other programs 
would enable direct enactment of content-based activities in the teacher's classroom, 
among other things. PIT is designed so that participants cannot enact its activities directly 
in their classroom, and that limits its ability to create change. 
However, while the duration and intensity of the program as well as its advanced 
mathematical content may inhibit participants from reflecting on their experience and 
connecting it to their classroom, these elements may also be key to enabling teacher 
change. Unlike nearly all other experience-as-learner programs, PIT did not focus on K-
12 content. This meant that participants often had little prior knowledge of the content, 
and they were not simply producing experiments that verified a previously known 
outcome. Ella and Sharon were learning mathematical content that was entirely new to 
them through inquiry, rather than the typical experience-as-learner environment where 
teachers often have at least a procedural knowledge of the content prior to the program. 
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Teachers, such as Ella, often feel that weak students need "basic skills" before those 
students can effectively explore mathematics. Experience in PIT may give evidence to 
those teachers that students can learn a great deal of mathematics without having a 
rehearsed procedure, consistent calculation skills, or knowledge of the expected outcome. 
Also, Sharon specifically commented that the long hours of the program were necessary 
for her to get into the mindset she felt necessary to work on the mathematics. The time 
dedicated to the program may be essential to enabling participants to experience learning 
mathematics in a dynamic way. 
By the Interconnected Model (Clarke and Hollingsworth, 2002) and from the 
experience of Ella, reflection is a component missing from PIT that is necessary to create 
classroom changes. The Discovery professional development program (Supovitz, Mayer, 
& Kahle, 2000) offers an example of an experience-as-learner program that had as many 
contact hours over as many weeks as PIT. While the Discovery content was focused for 
middle school teachers, the program provided an inquiry experience for teachers without 
structured pedagogical discussion over the same duration as PIT. Participants in 
Discovery reported greater use of inquiry in their classrooms that continued for three 
years following program participation. Discovery and PIT both offered during-year 
seminars, but attendance at Discovery's seminars was 90% of summer attendance. PIT's 
during-year participation is much lower, and thus its ability to affect teachers is largely 
limited to the summer experience. PIT participants who reported changes in pedagogy 
may have attended the during-year seminars or have had other professional development 
experiences that led them to reflect on PIT's relationship to their own classroom, or, as 
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with Ella, they may have had a happenstance reflection. Discovery' s effects on teacher 
task choice indicate that PIT could have a greater effect on its participants without 
modifying the essential elements of the summer experience. A reflective component 
appears to be necessary, but that reflection could take place during the year when 
teachers have recovered from the intensive experience and have a classroom on which 
they can reflect. 
In conclusion, the data from this research support the Clarke and Hollingsworth 
(2002) Interconnected Model of Professional Growth that posits reflection is essential for 
professional development to change teacher beliefs that can, in tum, affect classroom 
practices. This also supports the more typical teacher-as-learner model professional 
development programs that include a component explicitly discussing connections to the 
classroom. Case study data indicate that PROMYS for Teachers provides an intense 
experience, and that intensity could give the professional development program the 
power to be transformative for some teachers. However, without a reflective element, 
impacts on teachers ' classrooms may be left up to chance circumstances. To increase the 
likelihood that intensive immersion in mathematics will impact teachers' classroom 
choices, a reflective component must exist that ties the pedagogical strategies participants 
experience as learners to those they may employ as teachers. 
Section 7.3 Limitations 
The findings of this research study must be evaluated in the context of the sample, 
survey instruments, and coding schemes used. Results may not be generalizable to other 
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programs or populations of teachers. 
1. All participants in PROMYS for Teachers (PIT) self-select to apply to the 
program. Though participants earn graduate credits and/or a stipend for 
program participation, 240 hours would be an exceptional amount of time to 
dedicate to a program in which a participant had no interest. The effects of 
this program on participants who would not volunteer to participate are 
unknown. 
2. The sample for this study was small, giving little power to detect differences 
given the instruments used. A much larger population would enable small 
differences that may have occurred from program participation to be seen. 
3. While pre-service teachers made up nearly half of the population in this 
program, both case study teachers are in-service teachers. There are many 
reasons to believe pre-service participants' experiences are impacted by a 
number of facets, including recent experience as a student of mathematics, 
lack of classroom experience, and lack of pedagogical coursework. 
4. As a case study subject, Ella is an extreme minority. Only about one 
participant per summer enters the PIT with little to no formal mathematics 
background. 
5. I, the researcher, served as a counselor in the PIT program and spent a 
significant amount of time working with Ella and Sharon as a counselor and 
as a researcher. It is possible that my role in the program did not enable them 
to be completely honest with me and thus affected the case study of the 
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program experience. I also might have developed biases based on my work as 
a counselor that might have affected my interpretation of the research data. 
Further, my continued interactions with Ella may have made her more 
inclined to reflect on PIT in connection to her teaching. It is possible that 
without my continued presence, the event in Ella's classroom would not have 
caused her to connect to her program experience and change her teaching 
strategies. 
6. The Secondary Teacher Task Survey (STTS) is extremely long, taking some 
participants over an hour to complete. Its possible fatigue affected participant 
response. Because participants were aware of the length of the survey for the 
post-response, it is possible participants reverted to what they could best 
remember they wanted to say rather re-reading for an accurate representation 
of their post-program choices. 
7. The classroom changes reported by the case study subject Ella were self-
reported. No classroom evidence was collected to corroborate her claims. 
Section 7.4 Recommendations for Future Research 
Though there are limitations on this research, this study has developed a clearer 
understanding of the experience-as-learner professional development model and intensive 
mathematics immersion. While major outcomes were not evidenced, the data support the 
potential for PROMYS for Teachers to impact participants' classroom decisions. 
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Based on the findings of this study and the limitations, I make the following 
recommendations for future research: 
1. The results of the study indicate that a reflective component could change the 
ability of the program to affect teachers' classroom practices. Because of the 
intensive focus on experiencing mathematics during the program, I would not 
recommend including a reflective component during the summer program, the 
model used by most other experience-as-learner programs. Participants should 
be incentivized to participate in the during-year seminars, and participants 
should be assigned to create and implement a lesson using ideas from PIT 
prior to seminar attendance. This practice would encourage participants to 
reflect on PIT and connect the program to their classroom, and while 
attending the seminar, participants would be exposed to the reflections of 
others. 
2. This study only examined one summer. Every summer is composed of 
different teachers and counselors. Thus, survey collection from multiple 
summers would both increase sample size and give a more accurate reflection 
of PIT's general ability to affect the relationship between teacher beliefs and 
task choices. 
3. The results of this study do not enable researchers to examine particular 
populations for whom the program may have been most effective. For 
example, teachers who regularly participate in professional development or 
who have a master's degree may have a regular practice of reflecting on how 
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their experiences might impact their classroom. In future studies of this 
population, more demographic data should be collected regarding 
participants' previous experience with professional development or education 
coursework. 
4. Finally, because pre-service teachers make up a sizeable portion of the PIT 
participants, their experiences and reflections should be investigated. While 
creating classroom lessons may be helpful for in-service teachers to make 
connections to the classroom, pre-service teachers do not have this access to 
students and also do not have previous teaching experience on which to 
reflect. Their needs may be entirely different from the in-service population, 
and little data exists as to how an intensive immersion program.such as this 
could impact teachers if attended prior to experience in classroom teaching. 
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Pre-PIT Interview Protocol 
(adapted from Rushton et al. , 2011) 
1. Please describe your mathematics background 
a. Previous work experience 
b. Previous research experience (In and out of college) 
c. How is mathematics a part of your daily life? 
2. How do you think people learn mathematics? [How do you know when someone 
has learned something?] 
3. What do you think are your greatest strengths and weaknesses as an instructor? 
4. Describe an effective teaching lesson in your classroom and why you think it is 
effective. 
5. How would you define inquiry mathematics teaching? 
6. Do you teaching using an inquiry method? 
a. If yes, describe in your own words what a typical lesson looks like in your 
classroom. Include the following parts in your description: 
1. What are you doing? [What is your role as the teacher?] 
11. What are your students doing? 
111. How are books and resources used? 
1v. How is mathematics content taught? 
b. If no, is there a particular reason why you do not use this method. 
Describe what it would look like in your classroom if you were to teaching 
using that method. 
7. Do you think that inquiry teaching is a good way to teach mathematics content? 
Why or why not. 
8. Are there times or situations where inquiry teaching is not a useful method? Tell 
me about these. 
9. What constraints do you feel you have to using inquiry teaching? 
10. What do you hope to get out ofPROMYS for Teachers? 
a. What are you apprehensive about? 
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Secondary Teachers' Task Survey 
Your code: Fill in the first two spaces with the first two letters of your last name. Fill in 
the last two spaces with your two-digit birth date. For example, if you were 
born on January 2, record 02; if you were born on May 25 , record 25 . 
Code: 
Example: D 0 Q_ .2 for John Doe born May 09 
Please respond to each of the following. 
1) Gender: MaleFemale 
2) How many years have you participated in PROMYS for Teachers? 
1st year2nd year3rd year 
3) Is your district a Focus on Math district? 
NoYes 
If yes, do you participate in the FOM seminars? 
Regularly Occasionally Rarely Never 
4) What grades do you teach? 
5) How many years have you been teaching mathematics? Circle one. 
Pre-service 1-3 years 4-6 years 7-9 years 10-15 years 16+ years 
6) How many years have you been in your current teaching position? Circle one. 
N/A 1-3 years 4-6 years 7-9 years 10-15 years 16+ years 
7) Have you previously taught Algebra I? Circle one. 
YesNo 
Please answer each of the following questions to the best of your ability about a typical 
College Prep class. If you have not taught Algebra before, please select tasks or actions 
that are aligned with what occurs in your classroom. 
1) You are teaching the first Algebra 1 lesson on solving systems of equations using the 
elimination method. Students have already solved systems of equations graphically 
and using substitution. 
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a 
b 
c 
d 
e 
f 
How have you begun a similar lesson in the past? Select two responses from 
the list below. Number your choices 1 and 2, 1 being the most closely match your 
actions or (if you have not taught this) your expected actions 
Choose 
2 
You begin the lesson with an application word problem involving a 
system of equations that students are asked to solve in more than one way. 
Students work to figure out the solution in their groups. 
You begin the lesson by showing students examples of systems of 
equations and the steps to follow to solve them using the elimination 
method. You then ask the students to use these steps to solve similar 
problems. 
You begin the lesson by showing the students a system of equations and 
asking them to discuss what they know about solving the system 
graphically and how they might solve it algebraically. Then, you have 
them attempt to solve the system of equations independently using the 
ideas from the class discussion. 
You begin the lesson by giving the students a system of equations 
worksheet with some worked-out examples written across the top for them 
to read independently and with practice problems below. You circulate in 
order to provide individual assistance. 
You begin by showing students a system of equations that can be solved 
by substitution and solve the system. Then you show them a system of 
equations that would not easily be solved by substitution. You explain 
how when both variables are on the same side of the equation in both 
equations, there is an easier method. You show them the steps to solve by 
elimination and then have them practice similar problems. 
You present a system of equations and explain how to solve it using the 
elimination method. You then ask students questions about each step in 
the procedure such as the property used, the meaning of each statement, 
and whether or not the step makes sense. 
Other (if you are not satisfied w1th any ofthe above): 
Please briefly explain your choices: 
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2) You have just finished the first lesson on solving systems of equations using 
elimination with only addition and subtraction and there are twenty minutes of class left. 
What choices have you made in a similar situation in the past? Select two responses 
from the list below. Number your choices 1 and 2, 1 being the most closely match your 
actions or (if you have not taught this) your expected actions. 
Choose 
2 
a 
You post the homework which consists of problems like those practiced 
in class and have students get started on it. 
You post a type of system of equations that the students have not seen 
b where the solution process involves multiplication. You ask students to 
discuss with their partner ideas about how they might solve the problem. 
You have students write in their journal on the topic "Why can we use 
c elimination to solve a system of equations? What does the solution of a 
system of equations tell us? What is the purpose of elimination?" 
You review the elimination method by posting a new system of equations 
d similar to the previous ones and you prompt students to give you what the 
next step will look like at each step to solidify their understanding of the 
procedure to solve these equations. 
You post a system of equations similar to those solved earlier in class and 
e 
have students turn to the person next to them to discuss the steps they 
would use to solve the system. You emphasize that the students must 
explain why they can use each step and what each step indicates. 
f You post a new system on the board and have students compete to see 
who can solve it fastest. 
Other (if you are not satisfied with any ofthe above): 
Please briefly explain your choices: 
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3) Your students are working on the problem 
a 
b 
c 
d 
e 
f 
Rico drives from Boston to Chicago at an average speed of 50 mph and 
returns at an average speed of 60 mph. Rico is on the road for a total of 36 hours. 
What is the driving distance from Boston to Chicago?3 
Some of the students in the class are unsure of how to go about solving the 
problem. How have you responded to a similar situation in the past? Select two 
responses from the list below. Number your choices 1 and 2, 1 being the most closely 
match your actions or (if you have not taught this) your expected actions 
Choose 
2 
Pull the class together and show them a way to set it up algebraically, then 
have them finish the solution in their groups. 
You keep circulating and observing without interfering as long as the 
students are working on the problem and are not off-task. 
Ask students to take a guess and then see how they would check it. Once 
they have guess and checked a few times, ask them if they could make a 
general equation from the setup they used to check their guess. Then, let 
them work together to create and solve the equation(s). 
Remind students that if they are not sure of what to do, they can always 
guess and check. You let them use that process until they come up with the 
correct answer. 
Let them continue to struggle with it and remind students to get on task. 
Encourage students to re-read the problem and discuss it with their group. 
Then ask them questions such as the distance between Boston and Chicago 
or what they think they do know about the problem. 
Ask students to think about what they know about similar 
situations/problems and then have them discuss the problem and what 
approaches may work. Encourage them to use what they know and 
highlight ideas that are relevant. 
Other (if you are not satisfied w1th any ofthe above) : 
Please briefly explain your choices: 
3 Taken from Karen Graham, AI Cuoco, and Gwen Zimmermann, Focus in High School 
Mathematics: Reasoning and Sense Making: Algebra (Reston, VA: NCTM, 201 0), 26. 
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4) Your class is working on the problem 
a 
b 
c 
d 
e 
Ms. Brown's class will raise rabbits for their spring science fair. They have 24 
feet of fencing with which to build a rectangular rabbit pen to keep rabbits 
• If Ms. Brown's students want their rabbits to have as much room as possible, 
how long would each of the sides of the pen be? 
• How long would each ofthe sides ofthe pen be if they had only 16 feet of 
fencing? 
• How would you go about determining the pen with the most room for any 
amount of fencing? Organize your work so that someone else who reads it 
will understand it. 
Students have gotten started but some are considering irrelevant information 
(like the size of the rabbits) and others are going about finding a solution in an 
unorganized manner. How have you responded to a similar situation in the past? 
Select two responses from the list below. Number your choices 1 and 2, 1 being the 
most closely match your actions or (if you have not taught this) your expected 
actions. 
Choose 
2 
You go around to groups and ask students how they know they have all the 
possible configurations and how they can decide which one has the most 
room. Then ask them if they can find any patterns that might help them 
with the other questions. 
You keep circulating and observing without interfering as long as the 
students are working on the problem and are not off-task. 
You post a table on the board with columns for configuration, length, 
width, perimeter, and area for the pen with a 24-foot perimeter. Then you 
fill in the possible whole-number configurations of the pen so that the 
students can fill out the table and find the solution to the first part of the 
problem themselves. 
You have several students go up to the board and write what they have 
found so far, then ask the class if they see any patterns or can organize the 
information in to make sense of it. Once several students have expressed 
an understanding of a system of organization, let the groups go back to 
work on the problem. 
You facilitate a discussion about the problem and the givens. You call on 
specific students to share insights such as the 24 feet of fencing represents 
the perimeter of a rectangle, and you then ask other students whether they 
agree or disagree with the interpretation. Students share ideas about 
possible approaches to the problem before you set the groups back to work. 
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f You call the class back together and go over the problem step-by-step, 
calling on students to contribute along the way. 
Other (if you are not satisfied with any ofthe above): 
Please briefly explain your choices: 
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5) During a lesson, students encounter following problem: 
a 
b 
c 
d 
e 
f 
"Domingo and Jamie both took their friends to the hockey game. Domingo 
bought 8 burgers and 6 sodas for his friends, and he paid $39.00. Jamie's friends got 
10 burgers and 6 sodas for $45.00. Richard arrived late and had to buy his own 
concessions. How much will Richard pay for two burgers and a soda? Explain your 
reasoning." 
In a similar situation in the past, how have you proceeded with the lesson? 
Select two responses from the list below. Number your choices 1 and 2, 1 being the 
most closely match your actions or (if you have not taught this) your expected 
actions. 
Choose 
2 
You prompt your students to set up a system of equations to solve for the 
prices of the items. Then, you let them work on the problem independently 
while you circulate. 
You have students work on the problem independently or in groups and 
then have students present their various solution methods. After the 
presentations, you facilitate a class discussion about how the solution 
methods are related. 
You have your students identify the variables as a class and then write 
8b + 6s = 39 lOb+ 6s = 45.00 
on the board for them to solve independently. Once the students have 
solved forb and s, you direct them to find the cost of Richard's meal. 
You include parts to the question, such as 
a) Write equations that represent Domingo and Jamie's purchases. 
b)How much does a burger cost? A soda? 
c )Find how much Richard paid for his meal. 
then have the students work independently or in groups while you circulate 
and help individuals or groups. 
You ask your students "What do we know? What do we need to know to 
solve the problem?" and write their answers up on the board, making sure 
other students agree. Then, you give them time to work on the problem 
before reviewing student solutions and explanations as a class. 
You refer your students to the similar example problem completed 
previously for ideas on how to solve this problem. Then, you have them 
work independently to find a solution. 
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Other (if you are not satisfied with any of the above): 
Please briefly explain your choices: 
241 
6) You are giving a review lesson at the end of an Algebra 1 unit on solving systems of 
equations. 
a 
b 
c 
d 
e 
f 
Which tasks are similar to ones you have used in the past? Select two 
responses from the list below. Number your choices 1 and 2, 1 being the most closely 
match your actions or (if you have not taught this) your expected actions. 
Choose 
2 
Students work individually on a worksheet featuring questions such as 
"Solve the linear system using substitution 
y = 6x + 2 
7x - y = 19" 
Students are asked to write the definitions of the terms "consistent 
independent system" and "consistent dependent system" in their notebooks 
or on a worksheet. 
You show a graph with two lines that have different slopes but do not 
cross in the given window. Students are asked, "Tell whether the system 
has one solution, no solution, or infinitely many solutions? Justify your 
answer." After time to work on the problem, some students present their 
solutions and explanations. 
Groups are asked to solve a problem they have not seen before, like 
x+7y+3z=29 
3z + x -2y = -7 
5y = 10 -2x 
Students are asked to solve the problem: 
"Tess solved the system of equations below by subtraction 
3x+2y=10 
3x + 2y = 2 
0 = 8 ~ This is a false statement. 
What kind of a solution is this?" 
Students are asked to solve the problem: 
"Cambridge High and Boston High are rival schools. Boston High has 200 
fewer than twice the number of students at Cambridge High. The two 
schools have a total of 2650 students. How many students are at 
Cambridge High?'' 
Other (if you are not satisfied with any of the above): 
Please briefly explain your choices: 
242 
7) You are teaching the first Algebra I lesson on multiplying polynomials. 
How have you begun a similar lesson in the past? Select two responses from 
the list below. Number your choices 1 and 2, 1 being the most closely match your 
actions or (if you have not taught this) your expected actions. 
Choose 
2 
You begin by showing students two to three examples of multiplying 
a 
binomials, such as (a+ 3)(a + 4) = (a+3)a +(a+ 3)4 = a2 + 3a + 4a + 12 = 
a2 + 7a + 12, then have them do a couple similar practice examples 
independently, checking for correct solutions. 
You give groups a set of problems with variables to simplify that require 
b the distributive property and multiplying binomials. They are expected to 
work together using algebraic tools they have used previously while you 
circulate. 
You demonstrate for students that you can find the product of 67*63 by 
breaking 67 into 60 + 7 and 63 into 60 + 3. Then, you show them that this 
c is the same as (x + 7)*(x + 3) and show them how you can multiply each 
piece of each factor by each piece in the other factor, but like they do with 
integers. You then have them work independently on similar problems. 
You give students a word problem, such as "Clean Sills Windows makes 
windows with square glass. However, by state regulation, the top and 
d bottom must always have 3 inches each for boarders, and the sides must 
each have 2 inches. How could we find the area of any window made by 
Clean Sills, including the boarders?" 
You show students the problem (x + 3)(x + 2), then ask them to build a 
rectangle with the dimensions using algebra tiles, a tool with which they 
are familiar. You ask them what (x + 3) and (x + 2) represent, what their 
e product would represent, and then how to figure out the area. Then, you 
discuss the two different ways of writing the area and ask if they are equal. 
You have them go through a similar process with the blocks again before 
moving onto drawing without blocks. 
You begin by showing students the FOIL method, such as (x + 4)(x- 2) = 
f x*x- 2*x + 4*x- 2*4 = x2 +2x -8 then have them do a couple similar 
practice examples independently, checking for correct solutions. 
Other (1fyou are not satisfied w1th any ofthe above): 
Please briefly explain your choices: 
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8) You are teaching the first Algebra I lesson on equivalent equations. 
How have you begun a similar lesson in the past? Select two responses from 
the list below. Number your choices 1 and 2, 1 being the most closely match your 
actions or (if you have not taught this) your expected actions. 
a 
Figure 1 Figure 2 Figure 3 
And ask them to write more than one rule for the number of grey tiles. 
Then, you ask them if their rules are the same and to prove it. 
You present students with a problem like 
b "Explore the equations y = 3(x + 4) - 2 andy= 2(x - 3) + 16 using graphs, 
tables, and algebra. What do you notice?" 
You show students the equations y = 3(x + 4)- 2 andy= 2(x- 3) + 16 
and demonstrate how they simplify to be equivalent, pointing out the use 
c of the associative, commutative, and distributive properties and how the 
equations stay the same but just look different. You show them a few more 
examples before you ask them to work on similar problems on your own. 
d You have students input the equations y = 3(x + 4) - 2 andy= 2(x- 3) + 
16 into a graphing calculator to see if they produce the same line. 
You give students two expressions 3(x + 4) - 2 and 2(x- 3) + 16 and ask 
e them to use algebraic properties to justify whether or not they are 
equivalent. 
You show students the equations y = 3(x + 4)- 2 andy= 2(x - 3) + 16 and 
f demonstrate how they simplify to be equivalent by solving both for y. You 
show them a few more examples before you ask them to work on similar 
problems on your own. 
Other (if you are not satisfied with any of the above): 
Please briefly explain your choices: 
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Choose 
2 
9) A student is multiplying the binomials 
(x+4i 
He says, "Oh, that's easy. x2 + 16." 
How have you responded to a similar situation in the past? Select two 
responses from the list below. Number your choices 1 and 2, 1 being the most closely 
match your actions or (if you have not taught this) your expected actions. 
Choose 
2 
a 
You ask, "And how did you get that?" and follow-up with questions until 
he realizes his mistake. 
b You tell him that (x + 4)
2 should be (x + 4)*(x + 4) and to do it out the 
long way. 
c 
You tell him that powers distribute across multiplication but not addition 
and he will have to do this problem out fully. 
You say, "So, you think you found a shortcut! Can you explain it to me? 
d Why does it make sense?" You continue the discussion until he realizes 
there is an error. 
e 
You tell him he's missing the corners from the area model and show him 
why he needs to add 8x to the solution (x2 + 8x +16). 
f You say, "That's interesting. So, you're saying (x+4)
2 
= x2 + 42? Hrnmm, 
is 32 + 42 equal to 72. What is going on here?" 
Other (if you are not satisfied with any of the above): 
Please briefly explain your choices: 
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1 0) You see a student graphing the equation 
y = -2x + 8 
who has plotted a point at the origin, another at (-2, 8) and has drawn a line between 
them. 
How have you responded to a similar situation in the past? Select two 
responses from the list below. Number your choices 1 and 2, 1 being the most closely 
match your actions or (if you have not taught this) your expected actions .. 
Choose 
2 
a 
You ask him to look at the equation and tell you they-intercept and slope. 
Then you tell him to fix his graph using that information. 
b You tell him something isn' t right and to go back and make an xy-table for the equation. 
c 
You remind him that the equation is in y = mx + b form and he should use 
the m and the b to graph. 
You ask the student to tell you a story that would have the equation y = -2x 
d + 8 and ask him how the point ( -2, 8) fits in with that story. You then ask him what the graph of his story would look like and how he could show 
that. 
You look inquisitively at the paper and say, "Hmmm ... if (0,0) is on the 
e line, then it should work in the equation. But when I do that, I get 0 = 8. 
Does (-2, 8) work in the equation? What do -2 and 8 tell us?" 
You ask him to tell you everything he knows about graphing equations. 
f Based on his responses, you ask additional questions that help him consider 
his error. 
Other (if you are not satisfied with any of the above): 
Please briefly explain your choices: 
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11) You are conducting a review class on multiplying polynomials. 
What choices have you made in a similar situation in the past? Select two 
responses from the list below. Number your choices 1 and 2, 1 being the most closely 
match your actions or (if you have not taught this) your expected actions. 
Choose 
2 
You review multiplying polynomials by posting a product similar to 
a 
previous ones studied and prompting students to give you what the next 
step will look like at each step to solidify their understanding of the 
procedure to multiply polynomials. 
You post a product of a trinomial with a quartic polynomial that the 
b students have not seen before. You ask students to discuss with their 
partner ideas about how they might write the product as a sum. 
You post a list of review problems which consists of problems like those 
c practiced in previous classes and have students get started on them. You 
work with individual students. 
d You play a game where you write problems on the board and have 
students compete to see who can solve them the fastest. 
You post a product of polynomials similar to those simplified in other 
e 
classes and have students turn to the person next to them to discuss the 
steps they would use to simplify. You emphasize that the students must 
explain why they can use each step and what each step indicates. 
You have students write a short explanation of how multiplying with the 
f area model is connected to multiplying using the distributive property and 
to FOIL. 
Other (if you are not satisfied with any of the above): 
Please briefly explain your choices: 
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12) A student is solving the system of equations 
6x + Sy = 11 
a 
b 
c 
d 
e 
f 
3x- 2y = 1 
She says she thinks she should "Add two to both." 
How have you responded to a similar situation in the past? Select two 
responses from the list below. Number your choices 1 and 2, 1 being the most closely 
match your actions or (if you have not taught this) your expected actions 
Choose 
2 
You ask, "And what is your reasoning for doing that?" and follow-up with 
questions until she clarifies her intended actions or discovers her 
confusion. 
You refer her to an example problem and solution presented at the 
beginning of class and ask her: "How did we solve it? How is it like this 
current problem? 
You tell her, "Oh, you noticed that six is two times three! So, you need to 
multiply the bottom equation by two so that the coefficients for x are the 
same in both equations. Okay?" Then, you make sure she's able to 
complete the steps to eliminate the x. 
You say, "Okay. Remind me- what is it that we are trying to do? What is 
the purpose of elimination?"' and ask her guiding questions that focus on 
how elimination works and why it makes sense. 
You tell her to refer to the examples in her textbook or notes. 
You suggest that she ask her group mates what they think and how they 
solved the problem and compare her ideas to theirs. 
Other (if you are not satisfied with any of the above): 
Please briefly explain your choices: 
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Secondary Teachers' Belief and Attitude Survey 
Your code: Fill in the first two spaces with the first two letters of your last name. Fill in 
the last two spaces with your two-digit birth date. For example, if you were 
born on January 2, record 02; if you were born on May 25, record 25. 
Code: 
Example: D 0 Q 2 for John Doe born May 09 
Please respond to each of the following. 
1) Gender: MaleFemale 
2) What grades do you teach? 
3) How many years have you been teaching mathematics? Circle one. 
Less than 1 year 1-3 years 4-6 years 7-9 years 1 0-15 years 16+ years 
4) How many years have you participated in PROMYS for Teachers? Circle one. 
1st year2nd year3rd year 
5) What mathematics courses have you taught in the past two years? 
2010-2011 Academic Year 
Course Name Level Textbook (name and/or publisher) 
2009-2010 Academic Year (one year ago) 
Course Name Level Textbook (name and/orpublisher) 
6) Would you classify your textbooks as reform or traditional? 
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N 
V1 
,__. 
Please read each of the following items carefully and indicate your agreement or disagreement on a scale of 
1 to 7 by circling the corresponding number (1 =Disagree Strongly, 7 =Agree Strongly). In all items, 
interpret "student" to be a generic term referencing an "average" student at the grade level you teach. 
Neither 
Disagree Disagree Tend to agree Tend to Agree Agree Strongly Disagree nor Agree Strongly 
disagree 
Beliefs about Teaching 
A few well-selected, solved, and 
presented problems are enough to 1 2 3 4 5 6 7 
teach students about a concept. 
I prefer to begin a topic by giving 1 2 3 4 5 6 7 
my students very specific examples. 
I feel responsible to cover every 
topic that my students will see on an 1 2 3 4 5 6 7 
exam. 
I feel it is important to follow my 
textbook presentation for most 1 2 3 4 5 6 7 
topics. 
If a student asks a question, I .like to 1 2 3 4 5 6 7 give a clear and concise answer. 
-
_L_ 
---
N 
Vl 
N 
I try to give students answers when 
they start to get frustrated so they do 1 
not give up. 
Beliefs about Student Learning and Understanding 
Students need to be shown several 
examples before solving problems 1 
on their own. 
It doesn't really matter if students 
understand the math problem if they 1 
can choose and follow the correct 
procedure for solving it. 
For most students, if they can't do a 
math problem in a short amount of 1 
time they probably can't do it at all. 
Students learn mathematics best by 
closely attending to teachers' 1 
explanations. 
Students need to be given exact 
procedures for solving problems in 1 
mathematics. 
A student who doesn' t understand 
why an answer to a math problem is 1 
correct hasn't really solved the 
problem. 
2 
2 
2 
2 
2 
2 
2 
3 4 5 6 7 
I 
I 
3 4 5 6 7 
I 
3 4 5 6 7 
3 4 5 6 7 
3 4 5 6 7 
3 4 5 6 7 
3 4 5 6 7 
- --- - - -
N 
Vl 
w 
Belief in Personal Ability to do Mathematics 
I don't like to do math outside of 
work. 
I find I can solve hard math 
problems ifl just persevere. 
Ifl can't solve a math problem 
quickly, I quit trying. 
I can discover solutions to problems 
along-side students without having a 
worked-out answer ahead of time. 
I enjoy solving math problems in my 
spare time. 
I feel I can do math problems that 
take a long time and a lot of effort to 
complete. 
- - -
1 
1 
1 
1 
1 
1 
2 3 4 5 6 7 I 
2 3 4 5 6 7 
2 3 4 5 6 7 
2 3 4 5 6 7 
2 3 4 5 6 7 
2 3 4 5 6 7 
-
Put an X on the line where you believe you fit on the line between the two concepts. 
For example 
Chocolate Strawberry 
19) Students only need to work 
on their own through 
problems like examples they 
have seen before in order to 
understand a concept. 
20) It is important to ensure 
students have a solid 
understanding before moving 
on to a new topic. 
21) It is appropriate to expect 
students to figure out a way 
to solve problems without the 
help of their teacher. 
22) It is important for students to 
have clear answers to their 
questions. 
23) It is important for students to 
have a solid understanding of 
core concepts. 
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Students need to work through 
problems they have not seen 
before on their own in order to 
understand a concept. 
. ' 
It is important to keep pace with 
the rest of my department. 
• • 
Teachers need to give students the 
proper tools and procedures before 
asking them to solve problems. 
I I 
It is important for students to 
answer their own questions. 
. ' 
It is important for students to have 
exposure to a broad spectrum of 
concepts. 
• I 
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Alumni Motivations and Outcomes Survey 
1) How many years of teaching experience did you have before you first attended 
PROMYS for Teachers (PIT)? 
2) For how many years did you participate in PIT as a participant? 
3) Did you return to PIT as a counselor/T2? 
If yes, for how many years did you work as a counselor/T2? 
4) What were your original motivations for attending PIT as a participant? Please be 
honest. (E.g. "Free money and 8 graduate credits in math" or "Working toward 
my degree over the summer" or "I had always meant to take a number theory 
course.") If you participated in more than one summer, please include your 
motivations for returning to PIT. [Textbox] 
5) Do you think PIT affected your beliefs about what mathematics is? If yes, what 
were your beliefs and how have they changed? [Textbox] 
6) Do you think PIT affected your beliefs about how students learn mathematics? If 
yes, what were your beliefs and how have they changed? [Textbox] 
7) Do you think PIT affected your beliefs about how to teach mathematics? If yes, 
what were your beliefs and how have they changed? [Textbox] 
8) Do you think PIT affected your beliefs about your ability to do mathematics? If 
yes, what were your beliefs and how have they changed? [Textbox] 
9) Please leave any other comments you have about your PIT experience. 
256 
BIBLIOGRAPHY 
257 
Anderson, C. R., & Hoffmeister, A. M. (2007). Knowing and teaching middle school 
mathematics: A professional development course for in-service teachers. School 
Science and Mathematics, I 07(5) , 193-203. 
Ball, D. L. (1990). Reflections and deflections of policy: The case of Carol 
Turner. Educational Evaluation and Policy Analysis, I2(3) , 247-259. 
Basista, B., & Mathews, S. (2002). Integrated science and mathematics professional 
development programs. School Science and Mathematics, I 02(7), 359-3 70. 
Beilock, S. L. , Gunderson, E. A., Ramirez, G., & Levine, S.C. (2010). Female teachers' 
math anxiety affects girls ' math achievement. Proceedings of the National 
Academy of Sciences of the United States of America, I 07( 5), 1860-1863. 
Bell, C. A., Wilson, S.M., Higgins, T., &McCoach, D. B. (2010). Measuring the effects 
of professional development on teacher knowledge: The case of developing 
mathematical ideas. Journal for Research in Mathematics Education, 4I(5), 479-
512. 
Bereiter, C. (1997). Situated cognition and how to overcome it. In D. Kirshner, & J. A. 
Whitson (Eds.), Situated cognition: Social, semiotic, and psychological 
perspectives (pp. 323). Mahwah, N.J.: L. Erlbaum. 
Bolster, S. A. (1983). Toward a more effective model of research on teaching. Harvard 
Educational Review, 53(3) , 294-308 . 
Borasi, R., & Fonzi, R. (2002). Professional development that supports school 
mathematics reform. Arlington, VA: Division ofE1ementary, Secondary, and 
Informal Education, Directorate for Education and Human Resources, National 
Science Foundation. 
Borko, H., & Putnam, R. T. (1995). Expanding a teacher's knowledge base: A cognitive 
psychological perspective on professional development. InT. R. Guskey, & A.M. 
Huberman (Eds.), Professional development in education: New paradigms and 
practices (pp. 290). New York: Teachers College Press. 
Boston, M.D., & Smith, M . S. (2009). Transforming secondary mathematics teaching: 
Increasing the cognitive demands of instructional tasks used in teachers' 
classrooms. Journal for Research in Mathematics Education, 40(2), 119-156. 
Bransford, J. , Brown, A. L. , Cocking, R. R. , National Research Council (U.S.), & 
Committee on Developments in the Science of Learning. (1999). How people 
learn: Brain, mind, experience, and school. Washington, D.C.: National Academy 
Press. 
258 
Brown, J. S., Collins, A., & Duguid, P. (1989). Situated cognition and the culture of 
learning. Educational Researcher, 18, 32-42. 
Brown, S. 1., Cooney, T. J., & Jones, D. (1990). Mathematics teacher education. In W. R. 
Houston (Ed.), Handbook of Research on Teacher Education, (pp. 639-656). New 
York: Macmillan. 
Carpenter, T. P., & Lehrer, R. (1999). Teaching and learning mathematics with 
understanding. In E. Fennema, & T. A. Romberg (Eds.), Mathematics classrooms 
that promote understanding (pp. 204). Mahwah, N.J.: Lawrence Erlbaum 
Associates. 
Carter, G., & Norwood, K. S. (1997). The relationship between teacher and student 
beliefs about mathematics. School Science and Mathematics, 97(2), 62-67. 
Clarke, D. , & Hollingsworth, H. (2002). Elaborating a model ofteacher professional 
growth. Teaching and Teacher Education, 18(8), 947-967. 
Clarke, D. J., & Peter, A. (1993). Modelling teacher change. In B. Atweh, C. Kanes, M . 
Carss, & G. Booker (Eds.), Contexts in mathematics education. Proceedings of 
the 161h annual conference of the Mathematics Education Research Group of 
Australasia (MERGA) . Queensland: Mathematics Education Research Group of 
Australasia. 
Cohen, D. K. (1990). A revolution in one classroom: The case of Mrs. Oublier. 
Educational Evaluation and Policy Analysis, 12(3), 311-329. 
Committee on Prospering in the Global Economy of the 21st Century (U.S.), & 
Committee on Science, Engineering, and Public Policy (U.S.). (2007). Rising 
above the gathering storm: Energizing and employing America for a brighter 
economic future. Washington, D.C.: National Academies Press. 
Crandall, D.P., Loucks-Horsley, S., Bauchner, J. E. , Schmidt, W. B., Eiseman, J. W., 
Cox, P. L. , ... & Taylor, J. A. (1982). People, policies, and practices: Examining 
the chain of school improvement. Andover, MA: The NETWORK, Inc. 
Cross, D. I. (2009). Alignment, cohesion, and change: Examining mathematics teachers ' 
belief structures and their influence on instructional practices. Journal of 
Mathematics Teacher Education, 12(5), 325-346. 
Cuoco, A. (200 1 ). Mathematics for teaching. Notices of the American Mathematical 
Society, 48(2), 168-6. 
259 
Cuoco, A., Paul Goldenberg, E., & Mark, J. (1996). Habits of mind: An organizing 
principle for mathematics curricula. Journal of Mathematical Behavior, 15 ( 4 ), 
375-402. doi:DOI: 10.1016/S0732-3123(96)90023-l 
Darling-Hammond, L., & Richardson, N. (2009). Teacher learning: What matters? 
Educational Leadership, 66(5), 46-53. 
Darling-Hammond, L., Wei, R. , Andree, A., Richardson, N., & Orphanos, S. (2009). 
State of the profession: Study measures status of professional development. 
Journal of Staff Development, 30(2), 42-44, 46-50. 
Department of Mathematics, Illinois State University. (2008). Teacher scholar. Retrieved 
May 22,2011, from 
http://math.illinoisstate.edu/undergrad/mathEd/teacherscholar/index.shtml 
Doyle, W. (1983). Academic work. Review of Educational Research, 53(2), 159-199. 
Ernest, P. (1988). The impact ofbeliefs on the teaching of mathematics. Paper presented 
at the ICME IV, Budapest, Hungary. Retrieved from 
http:/ /webdoc.sub. gwdg. de/ edoc/ e/pome/impact.htm 
Franke, M. L., Kazemi, E., & Battey, D. (2007). Understanding teaching and classroom 
practice in mathematics. In F. K. Lester, & National Council of Teachers of 
Mathematics. (Eds.), Second handbook of research on mathematics teaching and 
learning: A project of the national council of teachers of mathematics (). 
Charlotte, NC: Information Age Pub. 
Fuson, K. C., Kalchman, M., & Bransford, J. D. (2005). Mathematical understanding: An 
introduction. InS. Donovan, J. Bransford & National Research Council (U.S.). 
Committee on How People Learn, A Targeted Report for Teachers (Eds.), How 
students learn history, mathematics, and science in the classroom 
Gains burg, J. (2007). The mathematical disposition of structural engineers. Journal for 
Research in Mathematics Education, 38(5), 477-506. 
Garet, M.S., Porter, A. C., Desimone, L., Birman, B. F., & Yoon, K. S. (2001). What 
makes professional development effective? Results from a national sample of 
teachers. American Educational Research Journal, 38(4), 915-945. 
Goodnough, K., & Hung, W. (2009). Enhancing pedagogical content knowledge in 
elementary science. Teaching Education, 20(3), 229-242. 
Guskey, T. R. (1986). Staff development and the process of teacher change. Educational 
Researcher, 15, 5-12. 
260 
Harbin, J., & Newton, J. (2013). Do perceptions and practices align? Case studies in 
intermediate elementary mathematics. Education, 133( 4), 538-543. 
Herbel-Eisenmann, B. A., & Cirillo, M. (2009). Promoting purposeful discourse: 
Teacher research in mathematics classrooms. Reston, VA: National Council of 
Teachers of Mathematics. 
Hiebert, J. (1999). Relationships between research and the NCTM standards. Journal for 
Research in Mathematics Education, 3 0( 1 ), 3-19. 
Hiebert, J., & Stigler, J. W. (2004). A world of difference. Journal of Staff 
Development, 25(4), 10-15. 
Huberman, M. (1981). ECRI, Masepa, North Plains: A case study. Andover, MA; The 
NETWORK, Inc. 
Jaquith, A. , Mindich, D., Wei, R. C. , & Darling-Hammond, L. (2010). Teacher 
professional learning in the United States: Case studies of state policies and 
strategies. Technical report. Learning Forward. 504 South Locust Street, Oxford, 
OH 45056. 
Kelly, C. A. (2001). Creating advocates: Building preservice teachers' confidence using 
an integrated, spiral-based, inquiry approach in mathematics and science methods 
instruction. Action in Teacher Education, 23(3), 75-83 . 
Kirshner, D. , & Whitson, J. A. (1997). Editor's introduction to situated cognition: Social, 
semiotic, and psychological perspectives. In D. Kirshner, & J. A. Whitson (Eds.), 
Situated cognition: Social, semiotic, and psychological perspectives (pp. 1-15). 
Mahwah, N.J.: L. Erlbaum. 
Kloosterman, P. , & Stage, F. K. (1992). Measuring beliefs about mathematical problem 
solving. School Science and Mathematics, 92, 109-115. 
Knapp, M. S. (2003). Chapter 4: Professional development as a policy pathway. Review 
of Research in Education, 27(1), 109-157. doi: 10.31 02/0091732X0270011 09 
Lave, J. (1988). Cognition in practice: Mind, mathematics, and culture in everyday life. 
Cambridge; New York: Cambridge University Press. 
Lesh, R., & Zawejewski, J. (2007). Problem solving and modeling. In F. K. Lester, & 
National Council of Teachers of Mathematics. (Eds.), Second handbook of 
research on mathematics teaching and learning: A project of the national council 
of teachers of mathematics (pp. 763-804). Charlotte, NC: Information Age Pub. 
261 
Lortie, D. C. (1975). Schoolteacher: A sociological study. Chicago: University of 
Chicago Press. 
Loucks-Horsley, S. , Love, N., Stiles, K. E., Mundry, S., & Hewson, P. W. (2003). 
Designing professional development for teachers of science and mathematics 
(2nd ed.) . Thousand Oaks, CA US: Corwin Press. 
Luft, J. A. (200 1 ). Changing inquiry practices and beliefs: The impact of an inquiry-
based professional development programme on beginning and experienced 
secondary science teachers. International Journal of Science Education, 23(5), 
517-534. 
National Council of Teachers of Mathematics. (2000). Principles and standards for 
school mathematics. Reston, VA: National Council of Teachers of Mathematics. 
National Governors Association Center for Best Practices, & The Council of Chief State 
School Office. (2010). Common core state standards for mathematics. 
Pajares, F. (1992). Teachers' beliefs and educational research: Cleaning up a messy 
construct. Review of Educational Research, 62, 307-332. 
Philipp, R. (2007). Mathematics teachers' beliefs and affect. In F. K. Lester, & National 
Council ofTeachers ofMathematics. (Eds.), Second handbookofresearch on 
mathematics teaching and learning: A project of the national council of teachers 
of mathematics (pp. 257-315). Charlotte, NC: Information Age Pub. 
President's Council of Advisors on Science and Technology (PCAST). (2010). Report to 
the president. Prepare and inspire: K-12 education in science, technology, 
engineering, and math (STEM) for America's future. Executive Office of the 
President. 1600 Pennsylvania Avenue NW, Washington, DC 20500. 
PROMYS. (2011). About PROMYSfor teachers. Retrieved May, 2011 , from 
http://www. promys .org/pftl about.html 
Richardson, V., & Placier, P. (2001). Teacher change. In V. Richardson (Ed.), Handbook 
of research on teaching (pp. 905-947). Washington, DC: American Educational 
Research Association. 
Rushton, G. T., Lotter, C., & Singer, J. (2011). Chemistry teachers' emerging expertise in 
inquiry teaching: The effect of a professional development model on beliefs and 
practice. Journal of Science Teacher Education, 22(1 ), 23-52. 
Simon, M.A., & Schifter, D. (1991). Towards a constructivist perspective: An 
intervention study of mathematics teacher development. Educational Studies in 
Mathematics, 22, 309-331. 
262 
Skemp, R. ( 1976). Relational understanding and instrumental understanding Retrieved 
from http://search.proquest.com/docview/63934176?accountid=9676 
Smith, E., Haarer, S., & Confrey, J. (1997). Seeking diversity in mathematics education: 
Mathematical modeling in the practice of biologists and mathematicians. Science 
and Education, 6(5), 441. doi:10.1023/A:1008609909977 
Smith, M. S., & Stein, M. K. (1998). Selecting and creating mathematical tasks: From 
research to practice. Mathematics Teaching in the Middle School, 3, 344-350. 
Sowder, J. T. (2007). The mathematical education and development of teachers. In F. K. 
Lester, & National Council of Teachers of Mathematics. (Eds.), Second handbook 
of research on mathematics teaching and learning: A project of the national 
council ofteachers of mathematics (pp. 157-224). Charlotte, NC: Information 
Age Pub. 
Stein, M. K ., Grover, B. W., & Henningsen, M. (1996). Building student capacity for 
mathematical thinking and reasoning: An analysis of mathematical tasks used in 
reform classrooms. American Educational Research Journal, 33(2), 455-488. 
Stein, M. K. , & Lane, S. (1996). Instructional tasks and the development of student 
capacity to think and reason: An analysis of the relationship between teaching and 
learning in a reform mathematics project. Educational Research and Evaluation, 
2(1), 50-80. doi:10.1080/1380361960020103 
Stein, M. K., & Smith, M. S. (1998). Mathematical tasks as a framework for reflection: 
From research to practice. Mathematics Teaching in the Middle School, 3( 4), 268-
75 . 
Stein, M. K. , Smith, M. S., Henningsen, M. A. , & Silver, E. A. (2000). Implementing 
standards-based mathematics instruction: A casebook for professional 
development. Reston, VA; New York: National Council ofTeachers of 
Mathematics; Teachers College Press. 
Stigler, J. W ., & Hiebert, J. (1999). The teaching gap: Best ideas from the world's 
teachers for improving education in the classroom. New York: Free Press. 
Stipek, D . J., Givvin, K. B., Salmon, J. M., & MacGyvers, V. L. (2001). Teachers ' beliefs 
and practices related to mathematics instruction. Teaching and Teacher 
Education, 17(2), 213-226. 
Supovitz, J. A., Mayer, D.P., & Kahle, J. B. (2000). Promoting inquiry-based 
instructional practice: The longitudinal impact of professional development in the 
context of systemic reform. Educational Policy, 14(3), 331-331-356. 
doi: 10.1177/08959048000 14003001 
263 
Swan, M. (2007). The impact of task-based professional development on teachers' 
practices and beliefs: A design research study. Journal of Mathematics Teacher 
Education, 10(4-6), 217-20. doi:10.1007/s10857-007-9038-8 
Teaching Commission. (2004). Teaching at risk: A call to action. New York: The 
Teaching Commission. 
US Department of Education. (2009). Race to the Top program: Executive summary. 
Wenger, E. (1998). Communities of practice: Learning, meaning, and identity. 
Cambridge, U.K.; New York, N.Y.: Cambridge University Press. 
Wilson, S. M. (1990). A conflict of interests: The case ofMark Black. Educational 
Evaluation and Policy Analysis, 12(3), 293-310. 
Wilson, M. , & Cooney, T. (2003). Mathematics Teacher Change and Developments. In 
G. C. Leder, E. Pehkomen, & G. Tomer (Eds.), Beliefs: A Hidden Variable in 
Mathematics Education? (pp. 127-147). Netherlands: Kluwer Academic 
Publishers. 
Wood, T., Cobb, P. , & Yackel, E. (1991). Change in teaching mathematics: A case 
study. American Educational Research Journal, 28(3), 587-616. 
Y oon, K. S., & National Center for Educational Evaluation and Regional Assistance 
(U.S .). (2007). Reviewing the evidence on how teacher professional development 
affects student achievement. Washington, DC: National Center for Educational 
Evaluation and Regional Assistance, Institute ofEducation Sciences, U.S. Dept. 
of Education. 
264 
CURRICULUM VITAE 
265 
266 
267 
268 
269 
270 
